(12) United States Patent
Goeddel et al.

US006452613B1

US 6,482,613 B1
Nov. 19, 2002

(10) Patent No.:
45) Date of Patent:

(54) MICROBIAL PRODUCTION OF MATURE
HUMAN LEUKOCYTE INTERFERONS

(75) Inventors: David V. Goeddel, Burlingame, CA
(US); Sidney Pestka, North Caldwell,
NJ (US)

(73) Assignees: Hoffmann-La Roche Inc., Nutley, NJ
(US); Genentech, Inc., South San
Francisco, CA (US)

(*) Notice:  Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 07/145,002
(22) Filed: Jan. 19, 1988

Related U.S. Application Data

(63) Continuation of application No. 06/703,148, filed on Feb.
19, 1985, now abandoned, which 1s a division of application

No. 06/256,204, filed on Apr. 21, 1981, which 1s a continu-
ation-in-part of application No. 06/205,578, filed on Now.
10, 1980, now abandoned, which 1s a continuation-in-part of
application No. 06/184,909, filed on Sep. 8, 1980, now

abandoned, which 1s a continuation-in-part of application
No. 06/164.,986, filed on Jul. 1, 1980, now abandoned.

(51) Inte CL7 oo C12P 21/02

(52) US.Cl ............... 435/69.51; 435/69.1; 435/252.3;
435/252.33; 536/23.52

(58) Field of Search .......................... 435/69.51, 172.3,
435/243, 252.3, 252.33, 320.1; 536/27,
23.52; 424/85.7

(56) References Cited
U.S. PATENT DOCUMENTS

4,289,690 A 9/1981 Pestka
4,332,892 A 6/1982 Ptashne et al.
4,342,832 A 8/1982 Goeddel et al.
4,418,149 A 11/1983 Ptashne et al.
4,503,035 A 3/1985 Pestka et al. .............. 424/85.7
4,530,901 A * 7/1985 Weissmann .............. 435/69.51
4,801,685 A 1/1989 Goeddel et al. ......... 435/69.51
4,810,645 A 3/1989 Goeddel et al. ......... 435/69.51
FOREIGN PATENT DOCUMENTS
EP 0 001 929 6/1979
EP 6694 1/1980
EP 8030110 4/1980
GB 2007676 A 5/1979
GB 2055382 3/1981
OTHER PUBLICATIONS
Allen, 1982, “Structure and properties of human

interferon—afrom Namalwa lymphoblastoid cells,” Bio-
chem. J. 207:397-408.

Allen and Fantes, 1980, “A family of structural genes for
human lymphoblastoid (leukocyte—type) interferon,” Nature
287:408—411.

Anfinsen, 1981, “Human interferon,” Interdisciplinary Sci-
ence Reviews 6(2):110-118.

Bolivar et al., 1977, “Construction and characterization of
new cloning vehicles. II. A multipurpose cloning system,”
Gene 2(2):95-113.

Cavalier1 et al., 1977, “Synthesis of human interferon by

Xenopus laevis oocytes: two structural genes for interferons
mm human cells,” Proc. Natl Acad. Sci. U.S.A.

74(8):3287-3291.

Crea et al., 1978, “Chemical synthesis of genes for human
insulin,” Proc. Natl. Acad. Sci. U.S.A. 75(12):5765-5769.
Goeddel et al., 1981, “The structure of eight distinct cloned
human  leukocyte interferon cDNAs,”  Nature
290(5801):20-26.

Goeddel et al., 1980, “Synthesis of Human Fibroblast Inter-
feron by E. Col1,” Nucleic Acid Research 8:4057-74.

Goeddel et al., 1979, “Expression 1n Escherichia coli of
chemically synthesized genes for human insulin,” Proc.

Natl. Acad. Sci. U.S.A. 76(1):106-110.

Green et al., 1976, “Isolation and cell-free translation of
immunoglobulin messenger RNA,” Arch. Biochem. Bio-
phys. 172(1):74-89.

Attached are pp. 135—137 of the Main Brief at Final Hearing
for Goeddel et al. (including the pages of the record and
exhibits cited therein) in Interference No. 101,601, Goeddel
et al. v. Weissmann, re; Heynecker, Speech at NIH Interferon
Workshop, Sep. 89, 1980.

Itakura et al., 1977, “Expression 1n FEscherichia coli of a
chemically synthesized gene for the hormone somatostatin,”
Science 198(4321):1056-1063.

Levy et al, 1981, “Amino acid sequence of a human
leukocyte 1interferon,” Proc. Natl. Acad. Sci. U.S.A.
78(10):6186—6190.

Mante1 et al., Chemical Abstracts, 1980, vol. 93, p. 489,
Abstract No. 1303109s.

Miller, 1979, “Use of recombinant DNA technology for the
production of polypeptides,” Adv. Exp. Med Biol.
118:153-174.

Nagata et al., Chemical Abstracts, 1980, vol. 93, p. 479,
Abstract No. 41286m.

Pestka et al., 1987, “Interferons and their actions,” Ann. Rev,
Biochem. 56, 727-777.

Prouty et al., 1975, “Degradation of abmormal proteins 1n
Escherichia coli: Formation of protein inclusion in cells
exposed to amino acid analogs,” The Journal of Biological
Chemistry 250(3):1112-1129.

Rubinstein et al., 1979, “Human leukocyte interferon: pro-
duction, purification to homogeneity, and 1nitial character-
ization,” Proc. Nail. Acad. Sci. U.S.A. 76(2):640-644.
Rubinstein et al., 1981, “Human Leukocye Interferon: Iso-
lation and Characterization of Several Molecular Forms,”

Arch. Biochem. Biophys. 210(1):307-318.
(List continued on next page.)

Primary Examiner—James Martinell
(74) Attorney, Agent, or Firm—Pennie & Edmonds LLP

(57) ABSTRACT

Disclosed herein are methods and means of microbially
producing, via recombinant DNA technology, mature human
leukocyte interferons, useful in the treatment of viral and
neoplastic diseases.

22 Claims, 19 Drawing Sheets



US 6,482,613 B1
Page 2

OTHER PUBLICAITONS

Stachelin et al., 1981, “Production of hybridomas secreting
monoclonal antibodies to the human leukocyte interferons,”
Proc. Nail. Acad. Sci. U.S.A. 78(3):1848—-1852.

Stebbing et al., “Biological Comparison of Natural and
Recombinant DNA—Derived Polypeptides,” State of the Art:
Insulins and Growth Hormone. Presentation for FDA Meet-
ing, Jun. 3—4, 1980.

Streuli et al., 1980, “At least three human type o interferons:
Structure of a2,” Science 209:1343-1347.

Torma and Paucker, 1976, “Purification and characterization
of human leukocyte interferon components,” J. Biol. Chem.
251(16):4810-4816.

Transcript of Tape Recorded Press Conference in Boston,
Mass. at the Park Plaza Hotel, Jan. 16, 1980.

Zoon et al., 1979, “Purification and partial characterization
of human lymphoblast interferon,” Proc. Natl. Acad. Sci.
U.S.A. 76(11):5601-5605.

Backman et al., Cell 13:65-71 (1978).

Chang et al., Nature 275:617-624 (1978).

Goeddel et al., Nature 281:544-548 (1979).

Taniguchi et al., Proc. Nat’l. Acad. Sci1. USA 77:5230-5233
(published Oct. 15, 1980).

Guarente et al., Science 209:1428—-1430 (published Sep. 19,
1980).

Derynck et al.,, Nature 287:193-197 (published Sep. 18,
1980).

Houghton, Nature 285:536 (published Jun. 19, 1980).

Derynck et al., Nature 285:542-547 (published Jun. 19,
1980).

Taniguchi et al., Nature 285:547-549 (published Jun. 19,
1980).

Goeddel et al., Nature 287:411-416 (published Oct. 2,
1980).

Guarente et al., Cell 20:543-553 (published Jun. 20 or 21,
1980).

Roberts et al., Proc. Nat’l. Acad. Sci. USA 76:5596-5600
(1979).

Nagata et al., 287:401-408 (1980).

Mantei et al., Gene 10:1-10 (1980).

Zoon et al., Science 207:527-528 (Feb. 1, 1980).

Zoon et al., Ann. N.Y. Acad. Sci. 350:390-398 (Oct. 1980).
Anonymous, Research Disclosure (Jul. 1979).

Weissmann, Interferon 1981, 3:101-134 (1981).

Nagata et al; Nature 284: 316 (1980).*

Roberts et al; Proc. Natl. Acad. Sci. USA 76: 760 (1979).*

* cited by examiner



US 6,482,613 B1

Sheet 1 of 19

Nov. 19, 2002

U.S. Patent

(81-1) ----------- 9--
(V€1-1) V1 2VL 11D VY19 .

9 O
VO OV oY VO VO G
vV ¥ vV

-=-U]9-8] [-}ON-N|9-S1H-~-

(€1-1) 3QILd3d DILdAYL

(1-1) -1--------- J--
(O1-1) -L1------------
(g1-1) ----------- J--
]
(VI-1) 29 2Vl 9v1 11D 0y SYININA VNG
, M . AIVININITGNOD
NO 9NV NV V9 NJ9 .G YNYW
Y Y v
buy-19N-2|1-n|9-D|Y NI310¥d

(1—-1) 3q1Ld3d DlLdAdL



¢ 9l

US 6,482,613 B1

mnmnhnwnnmvnnnwn 1% 0€ 6282 hwwwnﬂ

4 .ﬂ.ﬁ | .H. ' ..m_r -
0.® o0y
. b2@e2z 1282 61 81 21 9 S z SR 4 9
=
. 9q0.d 0¢| -] -d
5 r4
e
7 9
=
= “.ﬂmnmn»nmnnnwn £L2C ISOR 62824292 |
wﬂ P 'y . @ *
R é °
m L ®
1Bl LISICIPICIZ2INOIE8 29CPCR |

°q04d 3| -1 ~-d,

U.S. Patent



US 6,482,613 B1

Sheet 3 0of 19

Nov. 19, 2002

U.S. Patent

Ve Dl4

LVVIVIIVOLYVYVOVIOILVILIDLYDLL I QVOOVOOVIVYLYVDLIDDVIVIIIVYYILILI1D1VVLI91399913.LI139109VVIIOVYIDL1I9VIL H 4197

J 11°]
LYVIVVIORLVYVIVIODLI0LIVLIYDL L I399VIIV LYV L1991 II9VIVIIIVIVILIIDLI1VIL91 39991131 1D 131VIIIVYVIVLIOVIL 4 4197
LVVOVIOVILVVYIVIVILIDLIVLYILLIJ999VIOVIVY 19991909V IVIII9DOVIL1II91I1V919123999131329.L3 1 JI91
LYVOVIIVOLYYVIVIDILI3139LVD L1 JOVODVIOVIVY VIO LIIIVIVIIIVOVDLIJILILVOLD13999 1312139 LIIVVILOVYIDLIDYIL 0 4197
1VVIVVIDOLVYVOVODODLI01IVLVO L LI0999VIOVIVV LI .LI99VIVIIIVOVILIID 1 OLVOLO1I0999 L0131 191 J1VIJLVVYVIVLIOVIL I 4197
LVVIVYI0ILVVVIVIODILIILOVLYI L LII999VIOVIVV DI LIIDVIVILIVOVILIID1 D1 VO 1913999 L0LILIDVILIVIIOVVIVLIDYIL 9 4197
LYWYVIOVILVOVIVIDILI31391 VI L1 IIVIIVIIVIOVLD9I LIJDVIVIOIVYYILIODLI1YD 1910999191 0139 1 39VVI1OVYIDLIOVIL V 4197

| , _ _ | | | , | |
OYT 02T 00T 08 09

JILII91I99LI0I9ILVILYVLLIIIL L 133901 LVIDILYVIIILLYDODILLI1VIIVIOVIIDDVIOVYILVILIOIIVLLIDIDVILI99VVI) H 4191

J 4191
J919913919293991VD LIV LI 11123191332991VVIIILYIV 4 4191
1 4191
JO1I91991301991VOLIVLLELI911193339I3133991VIIVLILYLVVIDLI1VIOYYOYIIDDVYIOVILILVIIIVILOVIVILIDHYYD @ 4I°1]
091991939193299LVLLIV.LILID111132191920991V¥VI00LVIVYIDLLLY IVVIOVLOIOVIOVYILILYIILY11DDVYD J JI°l
JILIVLIVLIIDILIOLVVLLIVIILI1IVIL 130991 VVIVLILVIVYIIII1VIDYIOVILIOVLIIVL d d1°1

J91991921933991399LIVLLLIDL 1 13IVI L1399 LVYVIVLILYIVYIDLI1YIDVIOVLID1OVIIVYILLIVIIIVILIDOVLLIOVYYLIDIOVYDL V 4197

| | | | | | | | | | |
0t 0¢ [+ 0¢- 01 - 09-



Sheet 4 of 19

US 6,482,613 B1

de Dld
OLL1IIVYOLIVOVLIOLIVYVYVYYOY1J21320VOYDLYDDD 1139139131 VILIVYOVVYVYIVIOVILLILILVVILLIOIVOVIIVIILVOLVOVILVID H dl°1
OVLLLIVYDLOVOVLOLLVYVIVOVLILLOVIVOVYD LYDDS 1 LOVLI91 I LVILIVIOVYVIVIOVILLILILVVILLOIVIVOIDVIOLVILVOVILYID I dI°|
OWVLLOVYOLIVIOLLLLYVYYYVYOVLIDL209VOVIVYIID 11 OVLIID I VI LIVDOVYYIVILYILLJ1J1VVILLIIVIVIDVIILVOLVOVOLYID 4 4191
OVLLLIVWOLIVIOVLDOLVYYOVOVLLL 1DDJVOVOLYYD9LLIVLIYD LI LVILIVDOVYYIVIOVILLI1IIVVILLIIVIVIOVIDLVOLVIOVOLVID 3 4191
JVLI10vVDIIVID LOLIVVYYOVOYLIJLI0VDOYI1VD99 1139139131 VILLVIVYVYYIVIOV.LLLI1 JIVVILLIIVIOVIOVIILYILIDVILVID 4 dI°]
OV1L1OVYOLIVIILLE LYVYYVYYOY1DJ1209VOVOVYD9D 1139139131 VI1IVIDYOVIVIOVILLILI1VVI LI JIVIVIIVIOLVILVOVILVID J 119
V9L LIVYOILVIVLILIVYOLYOVLDL 133IVOVOLYDOL L LI9139101VILIVOIVYVIVIOVILLILIIVVYILLIOIVOVIIVIOLYILVIVILVID 4 1191
OVLOLOVYDLIVIVLID LIVYVYOVOVLIDLIDOVOVILYDOD 1109199 1ILVILIVIOVYVIVIOVILLOLILVVILLIIVOVIIVIOLVOLVOVOLVID V 4197

| _ | | | , | | |
0vE 02€ 00€ 082 092

123319131 31¥329VVILIDYVVOVIILIDVYIIVYIDOLVOLLLVYIOVOOVD JJ2LLLIVVOLI1IVOIVOVOVIVOOVVILI0DL1931011 1321310 H 119
133191210.1V¥339vVVI LIDOVVOVIILLOVIIVVIDDLYOLLLIVIOVOIVD LIJLLIVIOLLIOVILVD 0 dI°]
13319121.31¥329VVI1399VVIVIIL1DOVIIVYIDDLYOLLLIOVIOVIVYD 3D3JLLIVOD1L1IVILIVIVOVIVOIVYILIIDLIILILL13I1I31] 4 4191
1111321131V139VVIL199YYDYIILLIVIOVYIDOLYILLID199VILVILVIILLILYOL L IIVOLVIVOVIVIIVVOLIOVLLOLLL11331901] 3 4191
1221912L21VII3VIILID9VYOYIILLOVIIVVIDILVOLLLOVIDVIOVD ODJLLLIVOOLLIIVOLIVIVOVIVOILVILI1913019311931310 d JI9]
13319101 31V329VVILI9DVVOVIILLBVIIVVYIOD LV LLLOVIOVIOVD II3JILVVIIOLLIVOIVIVIVIVIOVVOLII91I3310111931919 J 4191
10319131.01V329vVVILIDOVYBYIILLBYIVYVLYD LVOLLIDYOOVIOVD JI3IJLLVVOLLIOVOIVIVIOVIVIIVVILIOILIOLILL1I2191T § al=]
103191220 LVIIVVVILI9OVVVYVYIILLOVIOWYIDD  L119VOIVOOVD OJJ0LLLIVIDL 1 1IVOLVOVOVIOVIIVVILLODLO0LOLLIII191] V 419

| | _ | | | | | | |
0%2 022 002 081 09T

Nov. 19, 2002

U.S. Patent



US 6,482,613 B1

Sheet 5 of 19

Nov. 19, 2002

U.S. Patent

Je DIl

VYVOVWILLLLLD1D1 1201VOVD LY LYYYOVIDYDYILD1199Y9D9 13391911 IIJIVIVLIVYVOVVYOVIILVILOLVILLILIVOLVYIVWWIOOL H dI°]
VYVYIOVILY.LLLDLI1 1901 VOVOLYILYYYOYIOYIVILDLL19DVIDD 1VID 191 1IIIDVIVLVWVOVVOVOVOVOLILVIOLI0JVILVWOVWILL D JI91
1YWYVYWOLYLLID1011221VOVD1YILVYYDYIDYOYILDL199VHI9 1139191 13009VIVLIVVVOVVOVOVIVOLOLVLLIOLOVOLIWOVWWOIL 4 419
VYVOOYYOLYL1121011301VOVI1VI1VYVYIVIDYOYILDLIDOVDIDLIDL1DL 13J0VLIVIOVVOVVOVWVYIVOLIOLVLILLIOLOVILVWOVWWOILL 4 dI°1
VYVVOVVILY1LL21919J01VvOVYD1YIL1VYYDYIDYDYILD1199V999 1339191 1 330DVIVLIVVYOVVOVOVIVOLOLVLIILOLOVILVWOWIIIL d 419
YWYVOWVILLLEDD131230.1VOVOLYILYVYYOYIOVOYILDLLDDYDDD 1339191 13IDVIVLIVYYOOVOVOVLVVLILVLIILIOIOVILIVWOVWWIOL O 419
VYYOLYVILYLLLI1311921Y9VO1VILYVYYOYIOYDYILOLLD9VIDDLI09.191L LI LI0VIVLVWYOVVYOVOVOVOLOLVIVIOLOVOLWOVYWWIOL d 1191
YWYVYOVVILOLLLOLLLLID1VOVOLYILYVYYOYIOYIVILDL199VDDD 1339191 1I3IDVIVLVWVOVVOVOVVVOLILVIILO1OVIIVVOWWYIIL V 4191

| | | | _ _ | | | |

05 0cS 005 087 097

LOVIVWVIYVYD1913991001¥I21LIVIOVYDLYVYOLYD1I2JILIVOVOVYDD 19990 1 1DIVOIVIVLVILILOLIDOVVIOLOOVILVVILVVVOIOVI H dI° |
LOVIVYWYOYDL1913VD1201V 11OV 1D LYY 1YL 13 .LIVIVIVYIDLIVOD LLODOVOIVIDLVILVIDLIDDVVID LIOOVILVYYOL0OVOIV) 3 dI°]
LOVLIVVVOVYOLDLI991 LI1VI21IV9919D1VYILYDLIIIILIVIOVIVYDD 199991 1D9VOIVOVLVOLIIDLIJOVVIDLVIVILVVOLIOVIOV) 4 419
1IVIVVWYYOVYD1D12991331VI31IVDO191VYIIVYI 13230 .LOVIVOVYDILOVIDLLDDVVOVLOLVILI1I910IJ0VVIDLIOVILVVOLIOVIOVD 3 JI°|
LIVIVYWOYYDLD10991131V¥II 13V 1D 1VYDLYD L3330 LIVYVIVIID LODIVOVOIVOIOVIODLVI LI LOLI0DVVOILLOVILVVOLOIVIOOV) 4 d1°]
1IVIVYVOOVOLDLI991331VIILIVIOVOLYYILYDLIIIILIVIVIVVIDLDIDD LI DOVIOVIVLYOLIOLIOLIVIOVVIOLIIVOLYVOLOVWIIVI I dI91
LIVLIVYVOOVI LD 1299130 1V¥IILIVOOVIIVLIDLYD 12331 319VIVLVI 199999 LOVVIDVILYI LI LI LITLIVVIDLIOIVILVWOLIDVIOVI § JI°|]
LIVIVYYOBYD 19139910 11VIOLIVHOVOOYYI LY 1IIIILIVIVIVIVIL1DD999 1 9999DVIOVLVILIL1D1ITIVVIDLIIVOLYVYILIOVIOV] V 4191

_ | _ | | | | | | |

)Y 0cy 00% 08¢ 09¢



US 6,482,613 B1

Sheet 6 of 19

Nov. 19, 2002

U.S. Patent

de Ol4

019V13vI99VIDL9 100V 1L 191921 VIDYYOVVLIDIOVOOVOLLL IDIVWVIOLLLYVYVYYILVVYOLLOVVIVIIVIOVVLIVLIOLLOVILIVOVYYIL H 1191
VOVODOYIVIOLIOV LI LOVIVVIOVY LID19OVIVILLIDIVVYYILLLIVYWYVYILYVYOLLOVDL LOVOLVOOLVIVIOOIJLLIVVIIVIVWYILL O dI°1
V299YID191IIVILIDLIYILIVIVYYDOVY IO LOVODYILLLIDIVOVILLLIVVYVYILVYOL 1OV LYIDIIVIOVVLIVLIOOLOLLIVILIVOVYWYILL 4 4191
V09BYIV191IDYIL1D1VI1VIOVIOVYLIDIVYOOVILLLIDIVYVYLLLIVWVVILVVOLLOVOLVOVOLVIOLVIVIOOLL LIIVOIOL11VIOOL 3 4191
L IVIIYYYLLIYOYY LY LLVIOVYL LIV IVIVYYLLIVIDIVLILLYO1IVVYIVOL09 L VIOV LY LOVVLIVLID130J0VILOLOVOVWYOLLL 4 4191
OV LOVI99VID19100VLIV1ID1931919VVOVYVIDIOVIOVILLLID1VYVILLLIVYVYYILYVDL19J9IVOIVIOVVLVYLOLLOVOLOVOVYVILLL 3 419
091V19129VI L9101 VIVVIOVYLLIDIOVOOVILLLIDIOVYILIDIDIVVWILVVO LLYVYOLV1I91VIIVYVVIOILOLLIDLIOJIVOVVVILLL § 419
%Ho¢oww(¢k+@huo<QHH<+QHH<Q<<qu<HH¢Hw<ww<____rohqﬁﬂuHHHHUH¢¢<Hhk<wu<o<ﬂh¢uu«@k«kﬂwhuhhhoh<wH04w<¢¢uh V 4191
| | o

)74 0¢. 00L 089 099

LIYDOL121 191V 1YIVILOLYI1VOVLIVYLOVOLLYI LI LVOLYVYYOOLVILVO L1991 OVYVVILLVOOVVOIVOOVVLLIVOVYVYYVYVYIOLLD H J1°1]
19229131 19v91 131 1 IVIVYILLLYIIVIVIOVLIOVOLLYILIL YD1 WVYD) L VOVYIL 199 L OVYYYD1YYHOYYOOVDOYYLLVOYYYDYYIDLLD D 4197
1309101 LOVOLYLD113VIVID1DVIIVIVIVYLOVILLVIDLO1VILVYVIILVIVYILLLDIIVVVILYVOOVVOLVOOVV LLVOVVVOVVILLIL 4 4I9]
JLIVVYOIVIL IVIVOVILILYILVIVLIVYLIVI1VIO L LLVIVVYIOVILYWYDOLVIVVILLOD LOVVVYO LYWIOVVIOVOOWLLVOVVYOOVIILLD 3 JI°1
V191011 VWOLVILL199IVILD9VIIVIVLYILIOVOLLVLLIOL 1 YWIVYYYILVIVYIIL991ILV.IVY I VYOOVVIOYOOYYLLYOVYYOVYIDLLD G 4197
VIOLLOLIOVILVILLIIVIVILILVLIVIVIVYLOVOLIYOLID1YOLVYIDD1VIVYILLDD LOVVVYVYD LLYDOYYIOVIOYYLLYIVYVYYYVIDLLD 3 4197
0129191 19¥YIVILLLIVIVLIL19YIOYIVLYYLOVOVLYILILLYD1VVYD9IVIVYIV.LHD LIIVIVO LYVYIOVY LOVIVYDLLYOVVYYVYYYIOLL) g 4197
*Hquuo»uh¢wH<Hhhhhouﬂuhow<ouohwhwuhh¢whhduhphhqu<%<wwhﬂu<<u&ka@&u<¢<<whq<ww<<&w%¢w<<%%&o<%<w¢<uwhpu V 4191
|
0v9 0¢9 009 089 09




US 6,482,613 B1

Sheet 7 of 19

Nov. 19, 2002

U.S. Patent

3¢ Dl

(V)A10d-0009YVYIDLLYYVYOVYYLYYLLLOLIVI 99 LIVLLY 4 4197
(V)AL0d- 1991 ¥99 1 VWOVYY.LLYDLOVYYIDLO1 LYV 1VIIIVY I LOVYOLIVYYY.LL DL IVILIVILIOLIYY 8 4197

| | | | _ _ |
000T 086 096

(V)A100- IVLOVLLLLIYYVLLYOLLLL D)L L IV IYIVIVYIOOYLLLVIVY)LLDLIDIYLIVYWOVYLOLYYLIDD1I0L IVIVL L IDIVIOVOL H 4197
(V)A10d-0191 L1191VI11D11DIVIVYYYLYYLYLIVY.L099191 L 1OV 1DIVIILYIVL LY.LVY.LIODYILIDL LIDIVL LOVWYLLLIVIIYWYLL © 4197
LV LIV LIVIOVLL L LIV VLD LIV IVIVIVYOLOVLLIVIYY LIV IO LVIVYYYOLYLVLIO1OL IVOVLLLIDVIDIDIY 4 4197

(V)A10d-99 1V LIVLLLLIVYYLIYOLLLL L1291 L OVLIIVIVIVYDIOVLILIVIVLLIDL [D1YOYIVYIVYLYLYYLID91D1 LIOVILLLLVIDLY 3 4197
(V)AL0d-QVIVIOVLLLLIYYYLLYILLELIDDL LIV LYY LYYIOOV.LLLYIVILLIDL 1D VIVIVYOYYIDLIYY.LI9910] 9 4197
VWYWOLYLOVLLL LIV LY LI91VID9LLLIVI YL IVIVILIDL DI VOVYYYYOVYLOLIOL VYLD LYOVLL L IOVYOIDIVLIVIVLIIVLIYY g 4197
_ , _ Mquz_oa-HowFFH<HoHHFwHHwH¢H¢<¢ﬂh<<ﬁwh<<h+owho<o<u@h%ﬁuu<uo&o&<ohwo<PF< v 4197
|
0t6 026 006 088 098

VOLVIWIOIVIL L LIVEIYYVYILEVEIVIL L IVIOYY L LIVIEIVI LYYV VI LVEDLIVILL1DD13191VO LI IVIIVDLYOVIVLILLD H 4197
LVOVYLVLLIVILIVILIVIVYYLLIVIOLIYVIDIVIOLLD19101911VIJLVILIVIDIVIDIVIDIVIDLIYYIODLYILYOLYOVIVLILIDIVYY 9 4197
LLVIVVIOLVIOLOL LI TIVIIVYVILIVOVILVIL VI LIV LIVIVYYOLLVIOIVIDLVL LYY LDLYOVIVO L9 YIOVOLYOVIVLLLIDDIOYLD 4 4197
JLVLILVOLLLIDLIOIVVWYLLIVIVWIVLLIVIOVWY LIV LIVWIVYYIDI9L LIVIDLYLL19131V991Y9LI9LVILYOLVIDIVILIDLIOVID 3 4197
(V)AL0d-JL0VLLIVIVLLDDLID1VIVYYYLYY.IDLOYL 19919 10VIVLLLIIIVIDIOLVILIDIVYIVIVILIDL 4 4197
LVOVLLLID0LOVOLVOLVIVY LOLVILIVYWY L L L LIV IIVYL LIV LIVIVWYLLID1 LT 1D1VI1191D13191VOLILLYIOVOLYOVIVLLLIDIL O 4197
LI TTIVILYVYYI LOVOOOVLIVLIVLIIVYLLIOVL LIV IDIWWVLELIVILIVIDIVILIVIDIYYDLYDL1ID1VIIVOLYOYIVLLIDDIOVIIOVID g 4197
+<QHFGFHPH+¢FHuqﬁuqqqﬁhqhhhqhuﬂqhhpqhhF<+H<H¢¢¢<HH+HH<F<<¢HH+<Hu&«%h{uﬂh{@k@<@h@ﬂﬁ<uquw¢o<u<Hhuoopw vV 4191
|
078 0¢8 008 08.L 09/



US 6,482,613 B1

Sheet 8 0of 19

Nov. 19, 2002

U.S. Patent

V1 Dla

0 FANDD 13 4 7 ¥vSS L IINJ DD 3FHIA I WiID40 Q433

JOIAIVITANWODATIATANI T LIAMYYSSNILS 4TINS LOOWWIHTASIVOYAO40ND Q433
FOWWIVITANTODATILAINATTLIAMLYSSANLS A INA LODIWIHTASIVOVIOA0NIA433
FOIAIVINANTOONTALS DATTSOIMLYSSANLS A INALODIWAHTASIVOVIDAONDA433
MxWAIVITANTODATILASHATILIAMLASSANLS 4TINS LOOWWIHA T4 IVOANDIHNDHAAD
JOWAIVITANTODATALINATTIAIAMYYSSANLLAINAIODI TIHTASIVAYAOJIONIA43
JOIAIVATANTODATALS NI TTSOIMYYSSAILSATINILODIWIHTAS IVOVIDJONDA433
J0QITAFTANTO0ATATALIATILIATVYSSANLSATNALODINIHTASIVOYHD400A0A433
ooH¢Q<MJDZJOOﬁJmp>m¥o4J+m93¢<mmax+wu4zmHocHisz>mHhu<ﬂomozw-mum
001 06 08 0L 09 0%

Od 4QHJd T70S SI WD T 1 ¥4 7TSHL 129 S S) STA 14 WH

0d4340HYIANTIS IS THIWOVI T TLYINNTSHLOSTNODTSISSHISTAATYWW IS Ad VK

0d4940H
0d494QHYANTISIdSTHIWOV T TI IVHUND ISHLOd TAIDTSITSHAS TATAVHTIS IS TV
Hd404AHIANTAS A4S THIWDL T TI IVHINDASHYOd 1029 1d
0d494AHYAWTISSASTYSWOVTTWTLYINAISHLId TADTSISSHIS TAATAW T 1IVA4SVN
0d T¥4AHYANTISAdSTHOWODTTI IVHIND ISHLOd TAIDTSIISHAS TATAVHTISAS IV
0d434QHIAHTISAdS THIWOV TTI TVHAINDISHLOd TAIDTISSASHAS TANTVAWTAA LTV
0d494QHIANTISATISINIWOY TIWTLIISDTSHLOA TAIDASISSHISTATIVATIVAL VM

| | | | | | |

Ot 0€ 02 0T £2S 02S 01S IS

LLV

H 419
J 4197
4 41971
i 4191
d 4191
J 1191
d 4197
vV dI°]

L LV

H 41°]
J 4191
4 1191
3 4I°]
d 4197
J dI°]
d 4I°1
V 4191



US 6,482,613 B1

Sheet 9 of 19

Nov. 19, 2002

U.S. Patent

dv 9l

X T 0SS SUAIIVIAAIMYI SAX 3 TATLIY 4AM A TISA  W1d A

MR TIMOINLSASASYR T AVIAAIMYIAS A TWTATLIHOAANIAVTI SAINWTdLITADA
DI TIIOTINYSTSASUWI IVIAATIMYIS AODIFLTATLIHOAANIA LTI SAANWTd LA3ADA
DRRITII0AINSTISISYN I IVIAAIMYIAS AN LTATLIYOAAMNAV I SAANWTd LIFADA

DIRIYTIFOINLYISASYN I IVIAVIMSIdS AL TATLT YDA ANIAVTISAANT Td LIIADA

DAY TIIOTINLSTISTSUN I IVIAAIMYIAS I LTATLIHII AOMAYTISAANWTd LIDAY
ORI TIAOINLSASTSUNI IVIAANIMYIASANIIT TATLTHOAANYAVIISAINWTd LIINDA
DASHTIHNOINISTISASUNT IVIAAIMYISSAMNILTATLIHOAANIAVTISAIAWTdSIIADA
PISYTISIOTINLSTSISUNI IVIAATMYIAS DN DITATLINOIANIAYITI SADIN T LILADA

_ _ | | | | |
99T 09T 0ST Oy 0ET 021 OTT

L LV

H 4191
J dI°1
3 41°]
i 4191
d 4197
J 41971
d 4191
vV 41971



U.S. Patent Nov. 19, 2002 Sheet 10 of 19 US 6,482,613 Bl

base pairs O 200 400 600 800 1000
| | | | | | | | | | | |
A\ Pvu 1 Bgl 1 Pvull Bgll
BERIINYITET K e
B
C

Pvu 1l

L S W L B

E

Pvu 1l Bg/ 1 Bgl 1
F NN RESRPFRTRR AP PP S B -
G




US 6,482,613 B1

Sheet 11 of 19

Nov. 19, 2002

U.S. Patent

9914 v

--------_--_-_nw“_--mwm-= [] 11T {._.O ¢U{ Q{._. O
1V 191 OLV JLIVV

[ 45
I dso sA2 jau 1y 097
. |
[ 1S4 14077
3sobI| YNQ 11
i . — )
dq 0.9 dq (0G| T oAy dq Gy 1y 097
9 901 20L—2IV9 V1D YOV vl 9O
TITITITITID _ T OO, Q{ OOﬁ.IIIO._.O ._.J,O .—o_. o._.ﬁ. Q._:_.<<
[ 154 I /o8 I /58 I /68 I oy buo bip  n3y dso sA2 jow
o A R A
350D YNO 71
I’.l.ll.ll.’l
9] 221 01— WL ¢
W 9NV—1I1I 1¥9 19191YIL1VY S
‘boyy dq (/9 8yojos) b0y dq QG| 9)0j08 601y dq 45 2jops| A W 252RufS
1sabip jonod T /08 I /69 * 1 oAy I oAy ‘of 70§

—911 Y 9V 99Y—>910 V91191 99—

na) Jy) b0 bio  nay dso sA2 Aib
| Gl vl €12l € T L £CS

| — W 99) J0L J0L—3v) V1J VIV 30—

4q (/9 dq ogi~Ja ¥E -
s — e
sy Woow | 1t pasM Tt s
cm, nog 0C 70§ D¢ 710§ om nog



7
4,914
N
% 9LILV9 19191Y
< — V]|
S 0gnDg Y093 DAY 14093 IIIPulH
H ¥ v4I-37
S D /0l
3 9L01V9 191999
rd <
—dq (0L <- _ dq z¢| dq Q11
m I 184 d01S [y093|DgNDS  [y093 penop ]384
~ DqY
&
-



US 6,482,613 B1

Sheet 13 of 19

Nov. 19, 2002

U.S. Patent

V8 Dl

VOLLLIVIOVIIVIIIIILYVIIILLIVILVIVIVIVIIVVILIID1 DD 10111313101 VVIVYIDO LVYVIVIOOLI0LIVLIYOL 1 30999VIOV LY
VOLLIIVIOVIIVIVIIILLYOVILLVVO LYIVOVIVOOVVOLLID1 331311 13310101 VVOVVDOD LYVVYIVIDD LI LIVIVI L1 3D999VD9IV LY
VOLLIIVIOVIIVIIIILLIVIOLLLIVI L VOVIVIIVVILI3913I 1011132131 31VVIVYODILYVYIVIDOLIDLIVLIVOLLIID9DVIOVLY
VOLLIVVIOVOOVIOIOLLIVVILL L IVI1VIVOVIVOIVVOLIOILII L1 L1321I LI LVVOVOOVO LVVYVIVIDOLVOLI91 VI 11 IVIDVIIVIV
- LLTOVIOVOIVIIIILLLIVIDLL 1 VO LVIVOVIVOOVVOLLIID1 031 01 L1 [D1D1 21 VVIOVIIVILVIVIVIDI1II1 391V L1IIVIOVIOVID

00¢

V19391999V IVIIIVIVILIIDLI1VIL191I999313LI1VOL1I1VIILVYVIV1O9VI1I91991391920991VILIIVLILIOL 11 133191327991V
V19991939VIVIIIVOVILIIDLILYILI1I99ILILI1I3101VIOLVVVIVLIIOVILIVIDDLI919I1991VILIVILIDL11132199330991V
V1999 1LIIDVIVIIIVIVILIIILILVILILI99VIOLIOLLI1J1VIOLVVVIVLIOVILI91991291932991VOLIVI LI 1133191332991V
VLVVOLIIOVIVIIIVVYILILOLI1VVIO 1399910131091 39VVIL1IVYID1I9VILID199199103I90LVOLVY I 10911132291 1VID91Y
V1999 1930VIVIIIVYVILIIDLILVILD139991913139 L I9VVILOVYIODLIOVILID1DD 102132399199 LIVLILIID1 L 1DIVD11IJ991Y

001 [+

“VIIILVVWYIILLLIVIVIOLIIVIDJIVIOOVIL - JIVIIIVLLI - YV I 1 199IVII0DVIV LIIVYVYVIVIILILOVVVIOVOVIVID LV IIOVIVYL L
" VIIILVIVVIDLLLVIVY IOV LIJOVLOVVIL - DLVIIIVLLIDOVVI L LOVVYIIDOVIV LOOVYVYVOVILLI 1 OVYVIOVIVIVID LV I299vV L1 |
VIIILLIDOVILLILIVIODVIIVIIIOVIIVVILVILIIIIVLLID1I9VI L LOOVYIIIVY IV LIOVVVYIOVILLI193VVIOVIVIVIDLVIDOVOVYLLL
VIVLILYIVVIDLILVIOVIIVLILIVIIVVIL - LIVIIIVILIDOVLLIDOVVLI39VDD LOIVVOVIOVILLI 1 9DVVIOVVYIVIDOV L - 099VVLLL
VOV LILYIVV D LILVIOIVIOVLILIVIIVVIL - L1VIIIVOLIDOVLLIDIVV1IIDVID L IIVVIVIVILL D199V IOVYVIVIODOVL - 099VVLLL

VLOVOLII1V1Y
V1OVOLIO1V1)
VLLIOLI9IVLD)
v100J1191V19
V10JJ1191V1d

<L I— H T O <L I— = D O <L T —= ™ O

<{C = — ™ O



US 6,482,613 B1

Sheet 14 of 19

Nov. 19, 2002

U.S. Patent

d8 Dl

19 1199VY99LI39LILLIIIDVIVLIVYVIOVOVOVLYVLILVI L1 D1 VI LVYIVVYIILLOVLIVVYDOVILDLI99 LIJLVIILIVOOVOLYVILYDL
11199V LIIDLILLIIIVVIVLIVYVIVVOVIOILVVLILVLI D1 IVIIVVOVYYII LLIOVLIVYVYYDOVD 1D 1I091331 VI 1IVDOVH1VYD1Vol
191 199VII0LI99VILLIIIVIVLVVWIVVOVOVIOVV LI LVLL 11 IVOLVVOVYYIO LLOVLIVYYDOVD LD .LID9 LI LVIILOVIOYDLVYI1VYIL
191 199VIII LIV LILLIIIVIVLVYVOVVIVODLYDLOLVLIL LD LIVILVVOVYYOI L LOVIVYVYOVYI 112991301 VIILIVODYDLVYDLYD L
131 199VI991339 191 LIIVIVLVYVOVVIVIVYYI LOLVLO1 1 IVILIVVOVVYIILLIVLVVYOOYI LD L9910 1VII LOVOIYIHVYDLYD 1

005

JIITLIVIVOVVII LI LLDIVIIVIVLVI LD LD 1VIIVVIILIIVOLVYVY LIVYIOVIOVLLI VYYD LOVIILLL LYYVVYVIV 12D 1309VHVIVYY
JIIILIVIVIVVIDLIODI LLIDVIOVIVLVI LD 191 VIIVVDO LIOVI LVVD L OVVOOVIIV LLLIVVY LOVIOLLL LYVVYVYVOV 1301 309VOVIVYD
JIIILIVIVIOVVIILVIOID L LIDVIOVIVLYO LD LD LVIOVVOD LOOVV VWO LOVVIOVIOVLLLOVVI L OVIILLL EVVVVVOV L1 I3 1DJ9VHVIVYD
JIJILIVIVIVVID LIDDDLLDIVIIVIVLYD LI 19 1IIIVVII LIOVILVVILVWVISVIILLLLOVVOLLVIV LI LLVYVYVVIOVLIILIIIVOVILYD
J33JLIVOVIVIVILIID9DL9999IVIVLYI 1919 1IJ9VVIDLIIVO LVVI LIDVIIVIIV LI LOVYO LIOVIV LI LYYV IVOVLIILIIIVDYD LYD

007

JOLLI91L9919.1LvI LOVIIVIVOVIOVILLILILVVILLIIVIVIOVIILVILYIVOLYIILIILI1I 1 I1VIIIVVILIDIVVOVII LLOVIIVYIDD L
991 1L99199.LILVILIVIIVIVIVIOVILLILIIVVILIIIVOVIOVIILVOLVIVI L)L 3019131 D1VIIDVVILIVOVYOVIILIDYIIVII9DL
991199139191V ILIVIIVIVIVIOVIOLLILIOLVYVIL L IIVOVIOVIOLVILVOVO LYIO1 031913 L 31VIOVVILOVOVYIVIILLOVIIVYID9L
991199139191V ILIVVIVYVIVIOVILLILIIVVIL 1 JOVIVIOVIDLVILVIVOLVYIILII1913101VI29VVILIOVYVOVIIL1OVIIVYIDDL
991199139 .L9LVILIVIOVVVIVIDVILLILILVVILLOLVOVIOVIDLVYILVOVI LVIIL1II1D13001VIIVYVILIDIVYVYII LLOVIIVYIDY -
00t

<C T — ™M O <L T —H ™ O

<L I —H ™) O



US 6,482,613 B1

Sheet 15 of 19

Nov. 19, 2002

U.S. Patent

J8 Wl

LIVVIHIVILIVIVWVYLLIII 101 VO 191010191 VO101 1VIOVILVOVIVLILLIO1OVLIIVIODDVID LD LIIVLIVII1I9I 1D 1OVVOYVYY LD 1OV
LIVILIVIDIVIVWWILIVILIVEIDIVIL 113310191V9LI)LLVIIVILVOVOVLLLID1OVIIVIDOVID 191 00VLLII19I01VIOVYOVY LDV
LVVLLIVILIVIVVYILIVILIVIOIVIL 191310191V 1091VIIVOLVOVIVLLLIOVIOVIIVIDIVIDLOLIIVIVLII1DI 1 D09VVOVVYYID 1OV
LIV TIVIVWYLLLVIEIVIOLVIL L 13013191VO1091VIOVILVOVIVLLLIJ1OVLIIVIDOVID1D1JIVLIVIOLVILVIDVYOVWY D 1OVDIY
VLLVIVYWYLLILIVIVWYLILIVIOLVI1VIO1VOL1OVI1391VIIVOOVOVIV LI I0I 1OV LIVIDIVV L LI LI9VOLIV IO VIVYILVVLIIVIDYD

008

JOVILLLLIDIVWWILLLIVVVYILVYYOLLD19IVOOVIIVYLVLILLIVOLIOVOVYVOLLIVIOL LOL19VOLVILLLJVIOVILOLYLIVOVIVVLOVOL
QOVILLLEDIVVVIOLLIVVYYOLYVO L LOVYIVIOVIOVVYLVLOLLOVILOVOVYYOLLLIVIOL D1 19VOLVIL L1 OVIVILI1VILIVIO1YVIIVIL
QOVILLLIIIVVVYOLLLTVWVYILVWOLLOVOIVIIVIIVVLVLOLLOVILOVOVVYILLIVIIL 01OV LIVI L LIVOVILOLVLIVIOVIVVLIIVOL
JLLTIIIVYWOILLLIVVWYILVYOLLIOVVIVIIVIIVVLVIOOL 01 LOVILIVOVVYILLLIVIILLOLIOVOLIVIL L LIVOVILILIVILVIVLIVVLIOVOL
OVLLLTIIIVWVYILLLLILIVVYY LLIVOIVIVOLYIOVOLYLIDLOLLIDIVILOVOVWYILLIVII9101VOLVLLIL11J0VI1J0VIID1VIDILLIVDL

00

1VO1931VALVVIDILVIVYILLID LIVVYVIO LLVOOVVOOVOIVY LLVOVVYYYVIO LLIVVYIVVYILLL 193101333 LVOVO LV LVVVOVIOVOY)
1VOLILLIVIALVVVOILVILVIL 191 IVVVVO L LVOOVVOOVOOVV LLVOOVWYVYWYO LLOVVYIVYILLLL 191311331 VOVILVILVVVYOYIDVOVYD
1VO1I01VILVYVIIOLVIVYILLID LIVVVVO LLVIOVVOOVOOVYLLVIVYYYVYVIOD LLOVYVOVVOLLLL 131010 101VIVILVI1VVYDYIOYov)
1VOLOLIVILVVVIOLVILVIL LD LOVVYYD LLVOOVYOOVOOVY LLVOVVYVYYYVID LLOVYVIVVILLLL 13131930 1VOVILVILVVYYDYIOVIV)
1VOLLTIVILIVWVOOLVIVVILLID LOVYVYD LYVOOVY LOVVOVY LLLOVVVOVVID LLOVYYOVYILID1 L1311 121 VOVILVILVVVOVIOVIVO
009

<[ T —~ ™M O <L T /4 ™ O

<C IC —~ ™)



US 6,482,613 B1

Sheet 16 of 19

Nov. 19, 2002

U.S. Patent

ds Dl

LIWY1LYOLVOVIVYYYYLLIOVOLIOVYIV LIV 1 D99VYIOD LYWV LVOVVLLIOLIVI LD T 19191101 LI VVWVOVIVIOVILILIVVYYLL
VVLLOVOL1IOVVLVIDLIVILIIBVVIDDLYVYVLLYOYYLIL LI LIVILIDLIIDIDL IO LIVVYVOVLIVIOVLILLLIVYVYLIVY 1111001 1IVYLEL

VYWYVYYVLLOVOLIIVVYIOVLLLOVO1099VOI 1D YWYV IVVOVVLLILLYLI LD LIOVOL IO LIVYVVOVLIVIOVLLLLIVYVLIVOLLL 11301 11VV
JHIVI99LLIDID1ID L LIVVWYOVLIVIOVLLLLIVYVIIVOLLI L1001 LIVYIIVIVL

V1LLVY9LI0VYI9DL10D LI VV1J09VY IO LIVYYOLYYYYLLLIOLIVILIDLIOVLIOL LT IOVWOOLVIOOLLLIOVVOLLVOLIOIDIOI LI IVIIIVVV]
000°T

VOLLITIOLLIWVIIVIVIVVIOOVLLLIVIVILLIOLIDIVIVIVVIVYLIDLVV LD 1VOVI 1 D9010VOLVOLVIVYIOLVIIIVVVWVLILLILY
VIVIVVIOOVLLLVIVILLILID1VIVVYIVV19LWW L9919 VOVILLIJOVIOIVIVILVIVVIOLVII LT IIVIIVYVELIVIIVILLLIVIOVVL

LIVIVIVYIOVLLIVIVILLOLIDIVIVIVYIYVIOLYVYOLO9 LD LLVOVLLIDJVIOIOIVILIVIVWIOIVIII LI IVIIVUVILIVOVWILIILIV]
VWIIOVLLIVIVOLEJLI91VIVWYIVYLVLVYV.LIOD191IVOVILLIOJVIDIOIVOLVIVYIIOIVII I T IVIIVOVIIIVIIVIILEIVIOVWILLY

D9 LLIVIDILID1IDIDIVYVYVLIVYID LYV LI9D1OVIVIOLLLIIVIOLDLVOLOLVLIIVIVOL IO LI IVIIOVWOVWVYVLIVLLIVIOVWILIVIL]
006

<C T 1 ™ O

<{ L = ) O



U.S. Patent Nov. 19, 2002 Sheet 17 of 19 US 6,482,613 Bl

— 1 1 1 = <€ < < < DOCD‘CD‘CD‘D‘

— — <€ <C <C i O O O O S > L > > >

X ¥ X X ox O < < |~ I— < —l 1 1 1

o o X X oYe mzzzzz I ' R W W N
szzzz O O O OO - = |}~
— O = O x O W WE W W > > U N W

S [ S I I o O O OO O L - L Lo Lo

VNNV RN VRNV RNV = 2 =2 I~ = O N Y Y

T I .= @I T s B dlo BN o BN dls BN d> O Ll Ll Ll L

= = I T o T o T o T o — 1 1 1 _

OO O OO L L L L L S R I R

O VM O 0O O Lt Lt Ll bd L %&—I—wmm

N [ IR D DLuu_Ju_lu_lLu Ll Wl O O O

O =20 00 <t O O O W o O O L L L <
— O O O O O A. O O O O _— =2 =X

O O O OB L. L —1 L <[ <C <C < < m

> 1 1 1 _ OO or <L < < < <C (D.
Dmmmmm L L b Lo Lo VRNV RV RN VRNV =
NO OO Ok 0O 0O W o NN NN WY LL

) VD) o I I o I I O =Z 0 0

TN Vo RNV RN VAN Ve 0 ¥ ¥ o o N X Ll Ll L

YN N > N R T e T e R ' EI—I—I—I—I—

QO QO > X > Gzz:&zx o RNV RNV RN Vo RNV

Vo NV RNV RNV NN Ts ‘o JE IR [ R I L. L Lo Lo L

NN I (N R I OO QOO O S (N S I I

—_— o = > e VORNVO RNV RNVARNGY = L 2 = =

> 1 1 ] L. o L L L L L L L b
D_|_|>>> 1 o o o o — - - —
E<1:<t<(><ﬂ: VO REVARNVE VS NV OO O OO

—_— = = = = — = = - o O O OO

- = 1 _J .l oY X X X o — ==

— ] ] o o O O GO %ZEZZZ

<TC UV WV U W szzzz Ld L Ll L) b

L. L. L Lo Lo N OO OO T T = T T

— o WV UV W <{ < <C <C O S [ R D

— 1 x — = 0 _1 _ = S s

<[ < < <[ <[ S [ [ (RO S Q. ) UV U U

= = =2 = = = = F 4 — b b b

Sl

A
H
I
J
C
A
H
I
J
C
A
H
I
J
C



U.S. Patent Nov. 19, 2002 Sheet 18 of 19 US 6,482,613 Bl

160

120

150

FIG.9B

140
YLKEKKYSPCAWEVVRAEIMRSFSLSTNLQESLRSKE

100 110
QLNDLEACVIQGVGVTETPLMKEDSILAVRKYFQRITL
QMNDLEACVIQEVGVEETPLMNEDSILAVRKYFQRITL
QLNNLEACVIQEVGMEETPLMNEDSILAVRKYFQRITL
QLNDLEACVIQEVGVEETPLMNEDFILAVRKYFQRITL
QLNDLEACVIQEVGVEETPLMNEDSILAVRKYFQRITL
YLMEKKYSPCAWEVVRAEIMRSLSFSTNLQKRLRRKD
YLTEKKYSPCAWEVVRAEIMRSLSFSTNLQKILRRKD
YLMEKKYSPCAWEVVRAEIMRSFSFSTNLKKGLRRKD
YLIERKYSPCAWEVVRAEIMRSLSFSTNLQKRLRRKD

130

A
H
I
J
C
A
H
I
J
C



U.S. Patent Nov. 19, 2002 Sheet 19 of 19 US 6,482,613 Bl

5 CTAGA--- 5 CTAGA---
3 T--- 3 TCT---

---T . CTAGA--- -—-TCTAGA---
---AGC TCT--- ~--AGCTCT---
---TCTAGA--- ---TCTAGA---
---AGCTCT--- ---AGATCT---

Xbal FILLED IN  EcoRI FILLED IN HGH GENE INITIATION
---TCTAG AATTCTATG--- ---TCTAGAATTCTATG---
- --AGATC TTAAGATAC--- ---AGATCTTAAGATAC---

Xbal  EcoRlI

F1G.13



US 6,482,613 Bl

1

MICROBIAL PRODUCTION OF MATURE
HUMAN LEUKOCYTE INTERFERONS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of application Ser. No.
06/703,148, filed Feb. 19, 1985, now abandoned, which 1s a
division of application Ser. No. 06/256,204 filed Apr. 21,
1981, which 1s a continuation-in-part of application Ser. No.
06/205,578, filed Nov. 10, 1980, now abandoned, which 1s
a continuation-in-part of application Ser. No. 06/184,909,
filed Sep. 8, 1980, now abandoned, which 1s a continuation-
in-part of application Ser. No. 06/164,986, filed Jul. 1, 1980,

now abandoned.

FIELD OF THE INVENTION

This invention relates to the microbial production, via
recombinant DNA technology, of human leukocyte interfer-
ons for use 1n the treatment of viral and neoplastic diseases,
and to the means and end products of such production.

BACKGROUND OF THE INVENTION

The publications and other materials referred to herein to
illuminate the background of the invention and, in particular
cases, to provide additional detail respecting its practice are
incorporated herein by reference and, for convenience, are
numerically referenced 1n the following text and respec-
fively grouped 1 the appended bibliography.

Leukocyte Interferon

Human leukocyte interferon was first discovered and
prepared 1n the form of very crude precipitates by Isaacs and
Lindenmann (3). Efforts to purify and characterize the
material have been ongoing since that time, and have led to
the preparation of relatively homogeneous leukocyte inter-
ferons derived from normal or leukemic (chronic myelog-
enous leukemia or “CML”) donors’ leukocytes (4). These
interferons are a family of proteins characterized by a potent
ability to confer a virus-resistant state in their target cells
(1,2). In addition, interferon can act to inhibit cell prolif-
eration and modulate 1mmune response. These properties
have prompted the clinical use of leukocyte interferon as a
therapeutic agent for the treatment of viral infections and
malignancies.

[Leukocyte interferons have been purified to essential
homogeneity (7,8), and reported molecular weights range
from about 17,500 to about 21,000. The specific activity of
these preparations is remarkably high, 2x10% to 1x10°
units/mg protein, but yields from cell culture methods have
been discouragingly low. Nevertheless, advances 1n protein
sequencing techniques have, in our hands, permitted the
determination of partial amino acid sequences (4). Elucida-
tion of the glycosylation of various leukocyte interferons is
not at present complete, but it 1s now clear (by virtue of the
work reported infra) that differences in glycosylation among
family members does not alone account for the spectrum of
molecular weights observed. Instead, the leukocyte interfer-
ons differ markedly 1m amino acid composition and
sequence, and amino acid homology 1s, 1n some cases, less
than 80 percent.

While 1solation from donor leukocytes has provided suf-
ficient material for partial characterization and limited clini-
cal studies with homogeneous leukocyte interferon, 1t 1s a
totally inadequate source for the amounts of interferon
needed for large scale clinical trials and for broad scale
prophylactic and/or therapeutic use thereafter. Indeed, pres-
ently clinical investigations employing human leukocyte-
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derived interferons 1n antitumor and antiviral testing have
principally been confined to crude (<1 percent pure) prepa-
rations of the material, and long lead times for the manu-
facture of sufficient quantities, even at unrealistic price
levels, have critically delayed investigation on an expanded
front.
Recombinant DNA Technology

With the advent of recombinant DNA technology, the
controlled microbial production of an enormous variety of
useliul polypeptides has become possible. Already in hand
are bacterita modified by this technology to permit the
production of such polypeptide products such as somatosta-
tin (5), the (component) A and B chains of human insulin (9)
and human growth hormone (18). More recently, recombi-
nant DNA techniques have been used to occasion the
bacterial production of proinsulin and thymosin alpha 1, an
immune potentiating substance produced by the thymus.

Other workers have reported on the obtention of DNA
coding for human leukocyte interferon and to resultant

proteins having leukocyte mterferon activity—ct. Nagata et
al., Nature 284,316 (1980); Mantei et al., Gene 10, 1 (1980).

See also Taniguchi et al., Nature 285, 547 (1980).

The workhorse of recombinant DNA technology 1s the
plasmid, a non-chromosomal loop of double-stranded DNA
found 1n bacteria and other microbes, oftentimes in multiple
copies per cell. Included 1n the information encoded 1n the
plasmid DNA 1s that required to reproduce the plasmid in
daughter cells (i.e., a “replicon”) and ordinarily, one or more
selection characteristics such as, 1n the case of bacteria,
resistance to antibiotics which permit clones of the host cell
containing the plasmid of interest to be recognized and
preferentially grown 1n selective media. The utility of plas-
mids lies 1n the fact that they can be specifically cleaved by
one or another restriction endonuclease or “restriction
enzyme”, each of which recognizes a different site on the
plasmidic DNA. Thereafter heterologous genes or gene
fragments may be inserted into the plasmid by endwise
joining at the cleavage site or at reconstructed ends adjacent
to the cleavage site. DNA recombination 1s performed
outside the cell, but the resulting “recombinant™ plasmid can
be mtroduced 1nto it by a process known as transformation
and large quanfities of the heterologous gene-containing,
recombinant plasmid obtained by growing the transtformant.
Moreover, where the gene 1s properly inserted with refer-
ence to portions of the plasmid which govern the transcrip-
fion and translation of the encoded DNA message, the
resulting expression vehicle can be used to actually produce
the polypeptide sequence for which the inserted gene codes,
a process referred to as expression. Expression 1s inifiated 1n
a region known as the promoter which 1s recognized by and
bound by RNA polymerase. In some cases, as in the tryp-
tophan or “trp” promoter preferred in the practice of the
present 1mvention, promoter regions are overlapped by
“operator” regions to form a combined promoter-operator.
Operators are DNA sequences which are recognized by
so-called repressor proteins which serve to regulate the
frequency of transcription initiation at a particular promoter.
The polymerase travels along the DNA, transcribing the
information contained in the coding strand from its 5' to 3'
end 1nto messenger RNA which 1s 1n turn translated into a
polypeptide having the amino acid sequence for which the
DNA codes. Each amino acid 1s encoded by a nucleotide
triplet or “codon” within what may for present purposes be
referred to as the “structural gene”, 1.e. that part which
encodes the amino acid sequence of the expressed product.
After binding to the promoter, the RNA polymerase first
transcribes nucleotides encoding a ribosome binding site,
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then a translation initiation or “start” signal (ordinarily ATG,
which in the resulting messenger RNA becomes AUG), then
the nucleotide codons within the structural gene 1itself.
So-called stop codons are transcribed at the end of the
structural gene whereafter the polymerase may form an
additional sequence of messenger RNA which, because of
the presence of the stop signal, will remain untranslated by
the ribosomes. Ribosomes bind to the binding site provided
on the messenger RNA, 1n bacteria ordinarily as the mRNA
1s being formed, and themselves produce the encoded
polypeptide, beginning at the translation start signal and
ending at the previously mentioned stop signal. The desired
product 1s produced if the sequences encoding the ribosome
binding site are positioned properly with respect to the AUG
initiator codon and 1f all remaining codons follow the
initiator codon 1 phase. The resulting product may be
obtained by lysing the host cell and recovering the product
by appropriate purification from other bacterial protein.

We perceived that application of recombinant DNA tech-
nology would be the most effective way of providing large
quantities of leukocyte interferon which, despite the absence
in material so produced of the glycosylation characteristic of
human-derived material, could be employed clinically in the
treatment of a wide range of viral and neoplastic diseases.

More particularly, we proposed and have since succeeded
in producing mature human leukocyte 1nterferon
microbially, by constructing one or more genes therefor
which could then be inserted in microbial expression
vehicles and expressed under the control of microbial gene
regulatory controls.

Our approach to obtaining a first leukocyte gene 1nvolved
the following tasks:

1. Partial amino acid sequences would be obtained by
characterization of leukocyte interferon purified to essential
homogeneity, and construct sets of synthetic DNA probes
constructed whose codons would, 1n the aggregate, represent
all the possible combinations capable of encoding the partial
amino acid sequences.

2. Bacterial colony banks would be prepared containing,
cDNA from induced messenger RNA. Other induced mRNA
that had been radio-labelled would be hybridized to plasmid
cDNA from this bank. Hybridizing mRNA would be eluted
and tested for translation into interferon 1n oocyte assay.
Plasmid DNA from colonies shown positive for interferon in
this manner would be further tested for hybridization to
probes made as described in (1) above.

3. Parallel to the approach in part (2) above, induced
mRNA-derived cDNA 1n plasmids would be used to form an
independent bank of transformant colonies. The probes of
part (1) would be used to prime the synthesis of radio-
labelled single stranded cDNA for use as hybridization
probes. The synthetic probes would hybridize with induced
mRNA as template and be extended by reverse transcription
to form 1nduced, radio-labelled cDNA. Clones from the
colony bank that hybridized to radio-labelled cDNA
obtained i1n this manner would be investigated further to
confirm the presence of a full-length interferon encoding
ogene. Any partial length putative gene fragment obtained 1n
parts (1) or (2) would itself be used as a probe for the
full-length gene.

4. The full-length gene obtained above would be tailored,
using synthetic DNA, to eliminate any leader sequence that
might prevent microbial expression of the mature polypep-
fide and to permit appropriate positioning 1n an €xXpression
vehicle relative to start signals and the ribosome binding site
of a microbial promoter. Expressed interferon would be
purified to a point permitting confirmation of its character

10

15

20

25

30

35

40

45

50

55

60

65

4

and determination of 1ts activity notwithstanding the absence
of glycosylation.

5. The interferon gene fragment prepared 1n the foregoing
fashion could itself be used in probing, by hybridization, for
other partially homologous leukocyte interferon species.

BRIEF SUMMARY OF INVENTION

We have discovered and, through recombinant DNA
technology, enabled the microbial production 1n high yield
of the family of homologous leukocyte interferons (sans
glycosylation) as mature polypeptides, essentially unaccom-
panied by the corresponding presequence or any portion
thereof. These may be directly expressed, recovered and
purified to levels fitting them for use 1n the treatment of viral
and malignant diseases of animals and man. Family mem-
bers so far expressed have proven efficacious 1n 1n vitro
testing and, 1n the first such demonstration of its kind, 1n in
vivo testing as well, the latter involving the first mature
leukocyte 1nterferon to have been microbially produced. The
invention comprises the mterferons so produced and means
of producing them.

Reference herein to the expression of a “mature leukocyte
interferon,” connotes the bacterial or other microbial pro-
duction of an interferon molecule unaccompanied by asso-
ciated glycosylation and the presequence that (as we have
discovered) immediately attends mRNA translation of a
human leukocyte interferon genome. Mature leukocyte
interferon, according to the present mvention, 1s 1immedi-
ately expressed from a translation start signal (ATG) just
before the first amino acid codon of the natural product, 1n
which event the mature polypeptide includes the methionine
for which ATG codes without essentially altering 1ts
character, or the microbial host may process the translation
product to delete the initial methionine. Mature leukocyte
interferon could be expressed together with a conjugated
protein other than the conventional leader, the conjugate
being specifically cleavable 1n an intra- or extracellular
environment. See British Patent Publication No. 2007676 A.
Finally, the mature interferon could be produced 1n conjunc-
tion with a microbial “signal” peptide which transports the
conjugate to the cell wall, where the signal i1s processed
away and the mature polypeptide secreted.

Particular leukocyte mterferon proteins hereof have been
defined by means of determined DNA gene and deductive
amino acid sequencing—<ct. FIGS. 3, 4, 8 and 9, for
example. It will be understood that for these particular
interferons, indeed all of the family of leukocyte interferon
proteins embraced herein, natural allelic variations exist and
occur from 1ndividual to individual. These variations may be
demonstrated by (an) amino acid difference(s) in the overall
sequence or by deletions, substitutions, insertions, 1nver-
sions or additions of (an) amino acid(s) in said sequence. For
cach leukocyte interferon protein hereof, labelled LelF A,
LelF B ... LelF ], etc., such allelic variations are included
within the scope of the label or term defining such, and thus,
this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts two series of synthetic deoxynucleotides
designated T-1 and T-13 designed to prime cDNA synthesis
from leukocyte interferon (“Le-IF”) mRNA. Amino acid
sequences are given for peptide 1 and a portion of peptide 13
derived from a tryptic digest of human Le-IF § (4). All
potential mRNA sequences coding for these peptides are-
shown, as are the corresponding DNA sequences. Here and
throughout, the letters A, T, C, G and U respectively connote
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the nucleotides containing the bases adenine, thymine,
cuanine, cytosine and uracil, and polynucleotides are
depicted as reading from the 5' (left) in the 3' (right)
direction and, where double stranded (“d.s.”) DNA is
depicted, vice-versa for the bottom or non-coding strand.

FIG. 2 1s an autoradiogram showing hybridization of
potential Le-IF plasmids with “?P-labelled synthetic
deoxyoligonucleotides.

FIGS. 3A-3E depict the nucleotide sequence (coding
strand) of eight gene fragments isolated as candidates for use
in the expression of leukocyte interferons, respectively des-
ignated “A” through “H”. The ATG translational 1nitiation
codon and the termination triplet for each LelF 1s under-
lined. The stop codons or termination triplets are followed
by 3' untranslated regions. The included full length gene for
Le-IF “A” 1s missing one codon found 1n the others depicted,
as indicated 1n the third “A” line of FIG. 3B. 5" untranslated
regions precede the leader sequences. As 1solated, fragment
“E” lacked the full presequence or leader, but included the
entire gene for the putative mature Le-IF “E”. Fragment G
as 1solated lacked the full coding sequence. The nucleotide
sequence in the rows labeled “LelF A” (SEQ ID NO:1)
encodes a 188 amino acid translation product (SEQ ID
NO:2). The nucleotide sequence in the rows labeled “LelF
B” (SEQ ID NO:3) encodes a 189 amino acid translation
product (SEQ ID NO:4). The nucleotide sequence in the
rows labeled “LelF C” (SEQ ID NO:5) encodes a 189 amino
acid translation product (SEQ ID NO:6). The nucleotide
sequence in the rows labeled “LelF D” (SEQ ID NO:7)
encodes a 189 amino acid translation product (SEQ ID
NO:8). The nucleotide sequence in the rows labeled “LelF
E” (SEQ ID NO:9) encodes fragments of a translation
product: nucleotides 1-186 encode a 62 amino acid frag-
ment (SEQ ID NO:10), nucleotides 190-234 encode a 15
amino acid fragment (SEQ ID NO:62), nucleotides 250-273
encode an 8 amino acid fragment (SEQ ID NO:63), nucle-
otides 277-294 encode a 6 amino acid fragment (SEQ ID
NO:64), nucleotides 298—420 encode a 41 amino acid frag-
ment (SEQ ID NO:65), and nucleotides 424-534 encode a
37 amino acid fragment (SEQ ID NO:66). The nucleotide
sequence 1n the rows labeled “LelF F” (SEQ ID NO:11)
encodes a 189 amino acid translation product (SEQ ID NO:
12). The nucleotide sequence in the rows labeled “LelF G”
(SEQ ID NO:13) encodes a partial amino acid translation
product (SEQ ID NO:14). The nucleotide sequence in the
rows labeled “LelF H” (SEQ ID NO:15) encodes a 189
amino acid translation product (SEQ ID NO:16). Nucle-
otides 126—623 of SEQ ID NO:15 encode a 166 residue
mature amino acid translation product (SEQ ID NO:56). The
nucleotide sequence in the rows labeled “LelF A” (SEQ ID
NO:1) encodes a 188 amino acid translation product (SEQ
[D NO:2). The nucleotide sequence in the rows labeled
“LelF B” (SEQ ID NO:3) encodes a 189 amino acid
translation product (SEQ ID NO:4). The nucleotide
sequence in the rows labeled “LelF C” (SEQ ID NO:5)
encodes a 189 amino acid translation product (SEQ ID
NO:6). The nucleotide sequence in the rows labeled “LelF
D” (SEQ ID NO:7) encodes a 189 amino acid translation
product (SEQ ID NO:8). The nucleotide sequence in the
rows labeled “LelF E” (SEQ ID NO:9) encodes fragments of
a translation product: nucleotides 1-186 encode a 62 amino
acid fragment (SEQ ID NO:10), nucleotides 190-234
encode a 15 amino acid fragment (SEQ ID NO:62), nucle-
otides 250-273 encode an 8 amino acid fragment (SEQ ID
NO:63), nucleotides 277-294 encode a 6 amino acid frag-
ment (SEQ ID NO:64), nucleotides 298—-420 encode a 41
amino acid fragment (SEQ ID NO:65), and nucleotides
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424-534 encode a 37 amino acid fragment (SEQ ID NO:66).
The nucleotide sequence in the rows labeled “LelF F” (SEQ

ID NO:11) encodes a 189 amino acid translation product
(SEQ ID NO:12). The nucleotide sequence in the rows

labeled “LelF G” (SEQ ID NO:13) encodes a partial amino
acid translation product (SEQ ID NO:14). The nucleotide
sequence in the rows labeled “LelF H” (SEQ ID NO:15)
encodes a 189 amino acid translation product (SEQ ID
NO:16). Nucleotides 126—623 of SEQ ID NO:15 encode a
166 residue mature amino acid translation product (SEQ ID
NO:56).

FIGS. 4A—4B are a comparison of eight LelF protein
sequences predicted from nucleotide sequences. The one
letter abbreviations recommended by the IUPAC-IUB Com-
mission on Biochemical Nomenclature are used: A, alanine;
C, cysteine; D, aspartic acid; E, glutamic acid; F, phenyla-
lanine; G, glycine; H, histidine; I, 1soleucine; K, lysine; L,
leucine; M, methionine; N, asparagine; P, proline; Q,
clutamine; R, arginine; S, serine; T, threonine; V, valine; W,
tryptophan; and Y, tyrosine. The numbers refer to amino acid
position (S refers to signal peptide). The dash in the 165
amino acid LelF A sequence at position 44 1s mtroduced to
alien the LelF A sequence with the 166 amino acid
sequences of the other LelFs. The LelF E sequence was
determined by ignoring the extra nucleotide (position 187 of
FIG. 3B) in its coding region. The asterisks indicate in-phase
termination codons. The amino acid sequence 1n the rows
labeled “LelF A” is a 188 residue LelF A polypeptide (SEQ
ID NO:17) with an intact signal peptide. The amino acid
sequence labeled S1-523 1s the signal peptide, and the
amino acid sequence labeled 1-166 1s the mature LelF A
polypeptide (SEQ ID NO:45).

The amino acid sequence 1n the rows labeled “LelF B” 1s
a 189 residue LelF B polypeptide (SEQ ID NO:18) with a
portion of a signal peptide. The amino acid sequence labeled

S1-S23 1s the signal peptide, and the amino acid sequence
labeled 1-166 1s the mature LelF B polypeptide (SEQ ID

NO:46).

The amino acid sequence 1n the rows labeled “LelF C” 1s
a 189 residue LelF C polypeptide (SEQ ID NO:19) with an
intact signal peptide. The amino acid sequence labeled
S1-523 1s the signal peptide, and the amino acid sequence
labeled 1-166 1s the mature LelF C polypeptide (SEQ ID
NO:47). The amino acid sequence in the rows labeled “LelF
D” is a 189 residue LelF D polypeptide (SEQ ID NO:20)
with an 1ntact signal peptide. The amino acid sequence
labeled S1-S23 1s the signal peptide, and the amino acid
sequence labeled 1-166 1s the mature LelF D polypeptide
(SEQ ID NO:48). The amino acid sequences in the rows
labeled “LelF E” are fragments of a LelF E polypeptide
including the amino acid sequence labeled S20-101 (SEQ
ID NO:21), the amino acid sequence labeled 103—-154 (SEQ
ID NO:67), and the amino acid sequence labeled 156166
(SEQ ID NO:68). The amino acid sequence in the rows
labeled “LelF F” 1s a 189 residue LelF F polypeptide (SEQ
ID NO:22) with an intact signal peptide. The amino acid
sequence labeled S1-523 1s the signal peptide, and the
amino acid sequence labeled 1-166 1s the mature LelF F
polypeptide (SEQ ID NO:49). The amino acid sequence in
the rows labeled “LelF G” 1s a 133 residue fragment of a
LelF G polypeptide (SEQ ID NO:23).

The amino acid sequence 1n the rows labeled “LelF H” 1s
a 189 residue LelF H polypeptide (SEQ ID NO:24) with an
intact signal peptide. The amino acid sequence labeled

S1-523 1s the signal peptide, and the amino acid sequence
labeled 1-166 1s the mature LelF H polypeptide (SEQ ID

NO:50). Amino acids common to all LelFs (excluding the
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pseudogene LelF E) are also shown in the rows labeled
“All”. The underlined residues are amino acids which are
also present in human fibroblast interferon.

FIG. 5 depicts restriction endonuclease maps of the eight
types of LelF cloned cDNAs (A through H). The hybrid
plasmids were constructed by the dC:dG tailing method
Goeddel, D. V. et al, Nature 287, 411-416 (1980). Therefore,
the cDNA 1nserts can be exised using Pst I. The lines at the

end of each cDNA 1insert represent the flanking homopoly-
meric dC:dG tails. The positions of Pvu II, Eco RI and Bgl

I1 restriction sites are indicated. Shaded regions of the figure
represent the coding sequences of mature LelFs; the cross-
hatched regions indicate signal peptide coding sequences;
and the open regions show 3' and 5' noncoding sequences.

FIG. 6 schematically depicts the construction of a gene
coding for the direct microbial synthesis of mature Le-IF A.
Restriction sites and residues are as shown (“Pst I, etc.).
The term “b.p.” connotes “base pair.”

FIGS. 7(a and b) (not to scale) schematically depicts a
restriction map of two gene fragments employed in express-
ing the mature leukocyte interferon Le-IF B. The codon
sequences 1ndicated are the coding strand terminii resulting
from digestion with the restriction enzyme Sau 3a in the two
cases shown.

FIGS. 8A-8D provide the DNA sequences of the five
LelF proteins hereof, including types I and J. The nucleotide
sequence (SEQ ID NO:25) in the rows labeled “A” encodes
a 188 amino acid translation product (SEQ ID NO:26). The
nucleotide sequence (SEQ ID NO:27) in the rows labeled
“H” encodes a 189 amino acid translation product (SEQ ID
NO:28). Nucleotides 180-677 of SEQ ID NO:27 encode a
mature 166 amino acid translation product (SEQ ID NO:58).
The nucleotide sequence (SEQ ID NO:29) in the rows
labeled “I” encodes a 189 amino acid translation product
(SEQ ID NO:30). Nucleotides 182—-679 of SEQ ID NO:29
encode a mature 166 amino acid translation product (SEQ
ID NO:59). The nucleotide sequence (SEQ ID NO:31) in the
rows labeled “J” encodes a 189 amino acid translation
product (SEQ ID NO:32). The nucleotide sequence (SEQ ID
NO:33) in the rows labeled “C” encodes two amino acid
translation products. Nucleotides 110-166 of SEQ ID
NO:33 encode a 19 amino acid translation product (SEQ ID
NO:69), and nucleotides 170-676 of SEQ ID NO:33 encode
a 169 amino acid translation product (SEQ ID NO:34).
Nucleotides 179-676 ot SEQ ID NO:33 encode a mature
166 amino acid translation product (SEQ ID NO:57).

FIGS. 9A-9B provide the amino acid (see FIGS. 4A—4B
above for the corresponding one letter abbreviations)
sequences of five LelF proteins hereof. The asterisk indi-
cates a termination codon and the hyphen, a deletion or gap

in the sequence. The amino acid sequence in the rows
labeled “A” is a 188 residue polypeptide (SEQ ID NO:35)

with an intact signal peptide. The amino acid sequence
labeled S1-S23 i1s the signal peptide, and the amino acid
sequence labeled 1-166 is the mature polypeptide (SEQ ID
NO:53).

FIG. 10 schematically depicts filling 1n of 2 of the 4
nucleotides complementary to the 5' protruding end of the
Xbal cleavage site.

FIG. 11 schematically depicts ligation of the Taqg I pro-
truding end of the Eco RI-Tag I fragment to the Xbal
remaining protruding end of the fragment from pHS32.

FIG. 12 schematically depicts regeneration of the Xbal
site via F. coli catalyzed DNA repair and replication.

FIG. 13 schematically depicts blunt end ligation of an
Xbal filed 1n fragment with an Eco Rl filled 1n fragment to
recreate both the Xbal and the Eco RI site.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS
A. Microorganisms Employed

The work described 1involved use of two microorganisms:
E. coli x1776, as described 1n (11), and E. coli K-12 strain

294 (end A, thi™, hsr™, hsm,"), as described in (12). Each has
been deposited with the American Type Culture Collection,
which 1solated at 12301 parklawn Drive, Rockville, Mo.
20852 respectively ATCC accession nos. 31537 and 31446.
All recombinant DNA work was performed in compliance
with applicable guidelines of the National Institutes of
Health.

The 1nvention, 1n 1ts most preferred embodiments, 1s
described with reference to . coli, mcluding not only strains
E. coli x1776 and F. coli K-12 strain 294, defined above, but
also other known F. coli strains such as F. coli B, or other
microbial strains many of which are deposited and
(potentially) available from recognized microorganism
depository 1nstitutions, such as the American Type Culture

Collection (ATCC)—-cf. the ATCC catalogue listing. See
also German Offenlegungsschrift 2644432, These other
microorganisms include, for example, Bacilli such as Bacil-
lus subtilis and other enterobacteriaceae among which can
be mentioned as examples Salmonella typhimurium and
Serratia marcesans, utilizing plasmids that can replicate and
express heterologous gene sequences therein. Yeast, such as
Saccharomyces cerevisiae, may also be employed to advan-
tage as host organism 1n the preparation of the interferon
proteins hereof by expression of genes coding therefor under
the control of a yeast promoter. (See the copending U.S.
patent application Ser. No. 06,237,913 of Hitzeman et al.,
filed Feb. 25, 1981, assignee Genentech, Inc. et al., which 1s
incorporated herein by reference.)
B. Source of Le-IF mRNA

Le-IF mRNA may be obtained from human leukocytes,
ordinarily those of patients with chronic nyelogenous
leukemia, that have been induced to produce interferon with
Sendai or NDV virus, as described in (4). A particularly
preferred source, and that used in the work reported herein,
1s a cell line designated KG-1 derived from a patient with
acute myelogenous leukemia. The cell line, described by
Koeffler, H. P. and Golde, D. W., Science 200, 1153 (1978),
reference (15), grows readily in a culture medium compris-
ing RPMI 1640 plus 10 FCS (heat-inactivated), 25 mM
Hepes buifer and 50 1g/ml of gentamicin, and 1s subcultured
1 to 3 split two times a week. Cells may be frozen from the
foregoing growth medium plus 10 dimethyl sulfoxide. KG-1

has been deposited with the American Type Culture
Collection, ATCC accession no. CRL 8031.

C. Messenger RNA Purification from KG-1 Cells

KG-1 cells were induced to produce interferon (and
leukocyte interferon mRNA) with Sendai or NDV following
the procedure described by Rubinstein et al., Proc. Natil.
Acad. Sci. USA 76, 640 (1979) and Familetti et al., Methods
in Enzymology, (1981) (in press) and (4). Cells were har-
vested 5 hours after induction and RNA prepared by the
cuanidine thiocyanate-guanidine hydrochloride procedure
(14). RNA from uninduced cells was isolated in the same
manner. Oligo (dT)—cellulose chromatography and sucrose
cradient ultracentrifugation was used to obtain the 12 S
sucrose gradient fraction of poly (A) RNA as described
(16,21). This mRNA had an interferon titer of 8000-10,000
units per microgram in the Xenopus laevis oocyte assay (6).
D. Preparation of Colony Banks Containing Le-IF cDNA
Sequences

5 ug of mRNA was used to prepare double stranded cDNA
by standard, procedures (17,18). The cDNA was size frac-




US 6,482,613 Bl

9

tionated by electrophoresis on a 6 polyacrylamide gel and
230 ng of material ranging 1n size from 500 to 1500 base
pairs were recovered by electroelution. A 100 ng portion of
this cDNA was tailed with deoxyC residues (19), annealed
with 470 ng of plasmid pBR322 (20) which had been tailed
with deoxy G residues at the Pst I site, and used to transform
E. coli X1776. Approximately 130 tetracycline resistant,
ampicillin sensitive transformants were obtained per ng of
cDNA.

In a second similar experiment, approximately 1000 tet-
racycline resistant, ampicillin sensitive £. coli 294 transior-
mants were obtained per ng of cDNA. In this case size
fractionated cDNA material ranging 1n size from 600 to
1300 b.p. was recovered by electroelution for deoxyC tail-
ing.

E. Preparation of Synthetic Oligonucleotides

The amino acid sequences of several tryptic fragments of
human leukocyte interferon were determined (4). This infor-
mation permitted the design of synthetic deoxyoligonucle-
otides potentially complementary to different regions of
LelF mRNA. The two tryptic peptides T1 and T13 were
selected because they had amino acid sequences requiring
the synthesis of only 12 and 4 undecamers, respectively, to
acount for all possible coding sequences (FIG. 1.). Four sets
of deoxyoligonucleotide probes were synthesized for each
sequence, containing either three (T-1A, B, C, D) or one
(T-13A, B, C, D) oligonucleotide each. The indicated
complementary deoxyoligonucleotides 11 bases long were
chemically synthesized by the phosphotriester method (24).
Four individual probes were prepared in the T-13 series. The
twelve T-1 probes were prepared in four pools of three
probes as shown i FIG. 1.

F. Isolation of Partial Le-IF Gene Fragment Containing
Plasmid No. 104

Transformants of F. coli x1776 were screened by the
colony hybridization procedure (27) using >“P-labelled (32)
induced mRNA as probe. Unlabelled mRNA from unin-
duced cells was mixed with the probe at a ratio of 200 to 1
to compete with uninduced mRNA present in the ~“P-
labelled preparation. Hybridization of labelled mRNA
should occur preferentially to colonies containing induced
sequences. Three classes of transformants were obtained. (1)
2-3 of the colonies hybridized to *P-mRNA very strongly,
(2) 10 hybridized significantly less than class 1, and (3) the
remainder gave no detectable hybridization signal. This 3rd
class was eliminated from further screening.

The positive colonies were examined for the presence of
interferon-speciiic sequences by an assay which depends
upon hybridization of interferon mRNA specifically to plas-
mid DNA. Initially, 60 strong positive colonies (class 1)
were grown individually in 100 ml of M-9 broth (42)
supplemented with tetracycline (20 ug/ml), diaminopimelic
acid (100 ug/ml), thymidine (20 ug/ml), and d-biotin (1
ug/ml). Ten cultures were pooled and plasmid DNA was
isolated from the six pools as described earlier (34,35). Ten
ug of each plasmid DNA pool were cleaved with HindlIlIlI,
denatured and covalently bound to DBM paper (36). One ug
of purified mRNA from induced cells was hybridized to each
filter. Unhybridized mRNA was removed by washing. The
specifically hybridized mRNA was eluted and translated in
Xenopus laevis oocytes. By this assay, all six pools were
negative. Five pools of ten colonies each and one pool of
nine colonies were made from 59 weakly positive colonies,
(class 2) and plasmids were prepared from the pools and
examined as above. Among the six pools tested, one (K10)
hybridized to interferon mRNA at levels significantly above
background levels each time 1t was tested. In order to
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identify the specific interferon cDNA clone plasmid DNAs
were prepared from the 9 colonies of pool K10 and exam-
ined individually. Two of the nine plasmids (No. 101 and
No. 104) bound interferon mRNA well above background
levels.

G. Preparation and Use of cDNA Probes Obtained by

Synthetic Oligonucleotide Priming of Induced mRNA; Iden-
tification of Colonies pL 1-30

A rapid plasmid isolation procedure (22) was used to
prepare 1 ug of plasmid DNA from each of 500 individual
E. coli 294 transformants. Each DNA sample was denatured
and applied to nitrocellulose filters 1n triplicate following a

published procedure (23).

The four individual probes of the T-13 series and the
twelve T-1 probes prepared in four pools of three primers
cach were used to prime the synthesis of radiolabelled single

stranded cDNA for use as hybridization probes. The tem-
plate mRNA was either the 12S RNA from Sendai-induced

KG-1 cells (8000 units IF activity per ug) or total poly (A)
mRNA from uninduced leukocytes (<10 units per ug).

>*P-labelled cDNA was prepared from these primers using
published reaction conditions (25). The 60 ul reactions were
performed in 20 mM Tris-HC1 (pHS.3), 20 mM KC1, 8 mM
MgCl,, 30 mM [-merceptoethanol. Reactions included one
ug of each primer (i.e. 12 ug total for T-1 series, 4 ug total
for T-13 series), 2 ug of “induced” 12S fraction mRNA (or
10 pg of uninduced poly (A) mRNA), 0.5 mM dATP, dGTP,
dTTP, 200 uCi (a’*P)dCTP (Amersham, 2-3,000
Ci/mmole), and 60 units reverse transcriptase (Bethesda
Research Laboratories). Product was separated from unin-
corporated label by gel filtration on a 10 ml Sephadex G-50
column, treated with 0.3N NaOH for 30" at 70° C. to destroy
RNA, and neutralized with HC1. Hybridizations were per-
formed as described (23).

The three sets of nitrocellulose filters containing the 500
plasmid samples were hybridized with a) induced cDNA
primed with the T-1 set of primers, b) T-13 primed induced
cDNA, and c¢) uninduced cDNA prepared by using both sets
of primers. Clones were considered positive 1f they hybrid-
1zed more strongly to one or both of the induced cDNA
probes than to the total uninduced probe. Thirty “positive”
clones (pL.1-pL.30) were selected from the 500 for further
analysis.

H. Selection of Additional “Positive” Colonies plL.31-39
Using a Restriction Fragment of Plasmid 104

Aunique 260 b.p. Belll restriction fragment 1solated from
the plasmid 104 clone was labelled by a published procedure
(26) with P and used as probe to independently screen 400
E. coli 294 transformants by an 1n situ colony screening
procedure (27). Nine colonies (pL.31-pL.39) were identified
which hybridized to different extents with this probe. In
addition, the labelled 260 bp fragment was used to indepen-
dently screen 4000 E. Coli 294 transformants in the same
manner. 50 colonies were 1dentified which hybridized to
different extents with this probe. One contained the Le-IF G
fragment, one contained the Le-IF H fragment, and one
contained a fragment designated Le-IF H1, an apparent
allele of Le-IF H. The hybrid plasmids which result are
designated “pLe-IF H”, etc.

I. Isolation and DNA Sequencing of a First Full-Length
Le-IF Gene Fragment from pL1-39

Plasmid DNA was prepared from all 39 potential Le-IF
cDNA clones and rescreened with the same 260 b.p. DNA
probe using the dot hybridization procedure (23). Three
plasmids (pL4, pL31, pL.34) gave very strong hybridization
signals, four (pL13, pL30, pL32, pL36) hybridized
moderately, and three (pL6, pL8, pLL14) hybridized weakly
with the probe.
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The 39 potential Le-IF cDNA recombinant plasmids were
also screened by using ““P-labelled synthetic undecamers
(individual T-1 primer pools or individual T-13 primers)
directly as hybridization probes. The hybridization condi-
fions were chosen such that perfect base pairing should be
required for detectable hybridization signals (28). Thus,
plasmid DNA from the 39 clones was prepared by a standard
cleared lysate procedure (29) and purified by Biorad Agar-
ose A-50 column chromatography. Samples (3 ug) of each
prep were linearized by treatment with Eco RI, denatured in
alkali and spotted on 2 separate nitrocellulose filters (1.5 ug
per spot) (23). Individual synthetic deoxyoligonucleotide
primers and primer pools were phosphorylated with (y°~P)
ATP as follows: 50 pmoles of oligonucleotide and 100
pmoles of (y°°P)ATP (New England Nuclear, 2500
Ci/mmole) were combined in 30 ul of 60 mM Tris-HCI
(pHS), 10 mM Mg(Cl,, 15 mM f-merceptothanol. 2 units of
T4 polynucleotide kinase were added and, after 30" at 37° C.,
2P labelled primers were purified by chromatography on 10
ml Sephadex G-50 columns. Hybridizations were performed
using 10° cpm of primer T-13C or 3x10° ¢pm of primer pool
T-1C. The hybridizations were performed at 15° C. for 14
hours 1n 6xSSC, 10x Denhardt’s solution, as described by
Wallace et al. (28). Filters were washed for 5' (3 times) at 0°
C. 1 6xSSC, dried, and exposed to x-ray film. Results are
shown in FIG. 2 for **P primer pool T-13C and primer T-1C.

Plasmid DNA from clone 104 was found to give signifi-
cant hybridization with primer pool T-1C and primer T-13C,

but no detectable hybridization with the other undecamers.
As shown m FIG. 2, several of the 39 potential Le-IF

plasmids (pL2, 4, 13, 17, 20, 30, 31, 34) also hybridized with
both of these probes. Restriction analysis showed that only
one of these plasmids, pl.31, also contained a 260 b.p.
internal Bel II fragment. Pst I digestion of pLL.31 showed the
size of the cDNA 1nsert to be approximately 1000 base pairs.

The entire Pst I insert of pL.31 was sequenced by both the
Maxam-Gilbert chemical method (30) and by dideoxy chain
termination procedure (31) after subcloning Sau 3a frag-
ments mto an M13 vector. The DNA sequence 1s shown
(“A”) 1 FIGS. 3A-3E. The appropriate translational reading
frame could be predicted from protein sequence mnformation
in hand (4), the known range of Le-IF molecular weights and
the relative 1ncidence of stop triplets in the three possible
reading frames, and that 1n turn permitted prediction of the
entire Le-IF amino acid sequence, including a pre- or signal
peptide. The first ATG translational initiation codon 1s found
60 nucleotides from the 5" end of the sequence and i1s
followed, 188 codons later, by a TGA termination triplet;
there are 342 untranslated nucleotides at the 3' end followed
by a poly (A) sequence. The putative signal peptide
(presumably involved in the secretion of the mature LelF
from leukocytes) 1s 23 amino acids long. The 165 amino
acids constituting the mature LelF have a calculated MW of
19,390. We have termed the Le-IF encoded by pLL.31 “Le-IF
A.” Tt can be seen from the sequence data (“A”) in FIG. §
that tryptic peptides T1 and T13 of Le-IF B (4) (FIG. 1)
correspond to amino acids 145—149 and 57-61 respectively
of the Le-IF A. The actual DNA coding sequences found 1n
these two regions are those represented by primer pool T1-C
and primer T13-C as the data shown 1 FIG. 2 suggested.
J. Direct Expression of a First Mature Leukocyte Interferon
1. Generally

The procedure followed to express Le-IF A directly as a
mature 1nterferon polypeptide was a variant of that earlier
employed for human growth hormone (18), insofar as it
involved the combination of synthetic (N-terminal) and
complementary DNAs.
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As shown 1n FIG. 6, a Sau 3a restriction endonuclease site
1s conveniently located between codons 1 and 2 of Le-IF A.
Two synthetic deoxyoligonucleotides were designed which
incorporate an ATG translational mitiation codon, restore the
codon for amino acid 1 (cysteine), and create an Eco RI
sticky end. These oligomers were ligated to a 34 b.p. Sau
3a-Ava II fragment of pLL31. The resulting 45 b.p. product
was ligated to two additional DNA fragments to construct an
865 base pair synthetic-natural hybrid gene which codes for
Le-IF A and which 1s bounded by Eco RI and Pst I restriction
sites. This gene was 1nserted into pBR322 between the Eco
RI and Pst I sites to give the plasmid pLe-IF Al.

Plasmid pGM1 carries the FE. coli tryptophan operon
containing the deletion ALE1413 (G. F. Miozzari, et al.,
(1978) J. Bacteriology 133, 1457-1466)) and hence
expresses a fusion protein comprising the first 6 amino acids
of the trp leader and approximately the last third of the trp
E polypeptide (hereinafter referred to in conjunction as LE'),
as well as the trp D polypeptide 1n its entirety, all under the
control of the trp promoter-operator system. The plasmid, 20
ug, was digested with the restriction enzyme Pvull which
cleaves the plasmid at five sites. The gene fragments were
next combined with EcoRI linkers (consisting of a self
complementary oligonucleotide of the sequence:
pCATGAATTCATG) (SEQ ID NO:39) providing an EcoRI
cleavage site for a later cloning into a plasmid containing an
EcoRI site. The 20 ug of DNA fragments obtained from
pGM1 were treated with 10 units T, DNA ligase 1n the
presence of 200 pico moles of the 5'-phosphorylated syn-
thetic oligonucleotide pCATGAATTCATG and 1 20 ul T,
DNA ligase buffer (20 mM tris, pH 7.6, 0.5 mM ATP, 10 mM
MgCl,, 5 mM dithiothreitol) at 4° C. overnight. The solution
was then heated 10 minutes at 70° C. to halt ligation. The
linkers were cleaved by EcoRI digestion and the fragments,
now with EcoRI ends were separated using 5 percent
polyacrylamide gel electrophoresis (hereinafter “PAGE”)
and the three largest fragments 1solated from the gel by first
staining with ethidium bromide, locating the fragments with
ultraviolet light, and cutting from the gel the portions of
interest. Each gel fragment, with 300 microliters 0.1xTBE,
was placed 1n a dialysis bag and subjected to electrophoresis
at 100 v for one hour in 0.1xTBE buffer (TBE buffer
contams: 10.8 gm tris base, 5.5 gm boric acid, 0.09 gm
Na,EDTA in 1 liter H,O). The aqueous solution was col-
lected from the dialysis bag, phenol extracted, chloroform
extracted and made 0.2 M sodium chloride, and the DNA
recovered 1n water after ethanol precipitation. The trp
promoter-operator-containing gene with EcoRI sticky ends
was 1denfified 1n the procedure next described, which entails
the 1nsertion of fragments 1nto a tetracycline sensitive plas-
mid which, upon promoter-operator insertion, becomes tet-
racycline resistant.

Plasmid pBRH1 (R. I. Rodriguez, et al., Nucleic Acids
Research 6, 3267-3287 [1979]) expresses ampicilin resis-
tance and contains the gene for tetracycline resistance but,
there being no associated promoter, does not express that
resistance. The plasmid 1s accordingly tetracycline sensitive.
By introducing a promoter-operator system in the EcoRI
site, the plasmid can be made tetracycline resistant.

pBRH1 was digested with EcoRI and the enzyme
removed by phenol extraction followed by chloroform
extraction and recovered 1n water after ethanol precipitation.
The resulting DNA molecule was, in separate reaction
mixtures, combined with each of the three DNA fragments
obtained above and ligated with T, DNA ligase as previ-
ously described. The DNA present in the reaction mixture
was used to transform competent £. coli K-12 strain 294, K.
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Backman et al., Proc Nat’l Acad Sc1 USA 73, 41744198
[1976]) by standard techniques (V. Hershfield et al., Proc
Nat’l Acad Sci USA 71, 3455-3459[1974]) and the bacteria
plated on LB plates contamning 20 u#g/ml ampicillin and 5
ug/ml tetracycline. Several tetracycline-resistant colonies
were selected, plasmid DNA 1solated and the presence of the
desired fragment confirmed by restriction enzyme analysis.
The resulting plasmid 1s designated pBRHitrp.

An EcoRI and BamHI digestion product of the wviral
genome of hepatitis B was obtained by conventional means
and cloned into the EcoRI and BamHI sites of plasmid
pGH6 (D. V. Goeddel et al., Nature 281, 544 [1979])) to
form the plasmid pHS32. Plasmid pHS32 was cleaved with
Xbal, phenol extracted, chloroform extracted and ethanol
precipitated. It was then treated with 1 ul £. coli polymerase
I, Klenow fragment (Boehringer-Mannheim) in 30 ul poly-
merase buffer (50 mM potassium phosphate pH 7.4, 7 mM
MgCl,, 1 mM [-mercaptoethanol) containing 0.1 mM dTTP
and 0.1 mM dCTP for 30 minutes at 0° C. then 2 hr. at 37°
C. This treatment causes 2 of the 4 nucleotides complemen-
tary to the 5' protruding end of the Xbal cleavage site to be
filled 1. See FIG. 10.

Two nucleotides, dC and dT, were incorporated giving an
end with two 5' protruding nucleotides. This linear residue
of plasmid pHS32 (after phenol and chloroform extraction
and recovery in water after ethanol precipitation) was
cleaved with EcoRI. The large plasmid fragment was sepa-
rated from the smaller EcoRI-Xbal fragment by PAGE and
1solated after electroelution. This DNA fragment from
pHS32 (0.2 ug), was ligated, under conditions similar to
those described above, to the EcoRI-Taq I fragment of the
tryptophan operon (70.01 ug), derived from pBRHirp.

In the process of ligating the fragment from pHS32 to the
Eco RI-Tag I fragment, as described above, the Taqg I
protruding end 1s ligated to the Xbal remaining protruding,
end even though 1t 1s not completely Watson-Crick base-
paired. See FIG 11.

A portion of this ligation reaction mixture was trans-
formed 1nto F. coli 294 cells, heat treated and plated on LB
plates containing ampicillin. Twenty-four colonies were
selected, grown 1n 3 ml LB media, and plasmid 1solated. Six
of these were found to have the Xbal site regenerated via F.
coli catalyzed DNA repair and replication. See FIG. 13.

These plasmids were also found to cleave both with
EcoRI and Hpal and to give the expected restriction frag-
ments. One plasmid, designated pTrp 14, was used for
expression of heterologous polypeptides, as next discussed.

The plasmid pHGH 107 (D. V. Goeddel et al, Nature, 281,
544, 1979) contains a gene for human growth hormone made
up of 23 amino acid codons produced from synthetic DNA
fragments and 163 amino acid codons obtained from
complementary DNA produced via reverse transcription of
human growth hormone messenger RNA. This gene, though
it lacks the codons of the “pre” sequence of human growth
hormone, does contain an AT'G translation 1nitiation codon.
The gene was 1solated from 10 ug pHGH 107 after treatment
with EcoRI followed by FE. coli polymerase 1 Klenow
fragment and dTTP and dATP as described above. Following
phenol and chloroform extraction and ethanol precipitation
the plasmid was treated with BamHI.

The human growth hormone (“HGH”) gene-containing
fragment was 1solated by PAGE followed by electroelution.
The resulting DNA fragment also contains the first 350
nucleotides of the tetracycline resistance structural gene, but
lacks the tetracyline promoter-operator system so that, when
subsequently cloned mto an expression plasmid, plasmids
containing the insert can be located by the restoration of
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tetracycline resistance. Because the EcoRI end of the frag-
ment has been filled 1n by the Klenow polymerase 1
procedure, the fragment has one blunt and one sticky end,
ensuring proper orientation when later 1nserted 1nto an
expression plasmad.

The expression plasmid pTrpl4 was next prepared to
receive the HGH gene-containing fragment prepared above.
Thus, pTrpl4 was Xbal digested and the resulting sticky
ends filled in with the Klenow polymerase I procedure
employing dATP, dTTP, dGTP and dCTP. After phenol and
chloroform extraction and ethanol precipitation the resulting
DNA was treated with BamHI and the resulting large
plasmid fragment 1solated by PAGE and electroelution. The
pIrpl4-derived fragment had one blunt and one sticky end,
permitting recombination 1n proper orientation with the
HGH gene containing fragment previously described.

The HGH gene fragment and the pTrpl4 AXba-BamHI
fragment were combined and ligated together under condi-
tions similar to those described above. The filled 1n Xbal and
EcoRI ends ligated together by blunt end ligation to recreate
both the Xbal and the EcoRI site. See FIG. 13.

This construction also recreates the tetracycline resistance
ogene. Since the plasmid pHGH 107 expresses tetracycline
resistance from a promoter lying upstream from the HGH
gene (the lac promoter), this construction, designated pHGH
207, permits expression of the gene for tetracycline resis-
tance under the control of the tryptophan promoter-operator.
Thus the ligation mixture was transformed 1nto . coli 294
and colonies selected on LB plates contamning 5 ug/ml
tetracycline.

Plasmid pHGH207 was Eco RI digested and the trp
promoter containing a 300 b.p. Eco RI fragment recovered
by PAGE followed by electroelution. The 300 b.p. Eco RI
fragment contains the F. coli trp promoter, operator, and trp
leader ribosome binding site but lacks an ATG sequence for
initiation of translation. This DNA fragment was cloned into
the Eco RI site of plLe-IF A. The construction of the
fragment 1s described in detail in (36).

2. The Tryptophan Control Element

The trp fragment just referred to 1s an analog of the E. coli
tryptophan operon from which the so-called trp attenuator
has been deleted, See (36), to controllably heighten expres-
sion levels. Expression plasmids containing the modified trp
regulon can be grown to predetermined levels 1n nutrient
media containing additive tryptophan in quantities sufficent
to repress the promoter-operator system, then be deprived of
tryptophan so as to derepress the system and occasion the
expression of the intended product (36).

3. Detailed Description

More particularly, and with reference to FIG. 6, 250 ug of
plasmid pLL.31 were digested with Pst I and the 1000 b.p.
insert 1solated by gel electrophoresis on a 6 polyacrylamide
oecl. Approximately 40 ug of insert was electroeluted from
the gel and divided into 3 aliquots for further digestion: a)
A 16 ug sample of this fragment was partially digested with
40 units of Bgl II for 45" at 37° C. and the reaction mixture
purified on a 6 polyacrylamide gel. Approximately 2 ug of
the desired 670 b.p. fragment were recovered. b) Another
sample (8 ug) of the 1000 b.p. Pst I insert was restricted with
Ava Il and Bgl II. One ug of the mndicated 150 b.p. fragment
was recovered after gel electrophoresis. ¢) 16 ug of the 1000
b.p. piece was ftreated with Sau 3a and Ava II. After
clectrophoresis on a 10 polyacrylamide gel, approximately
0.25 ng (710 pmole) of the 34 b.p. fragment was recovered.

The two 1ndicated deoxyoligonucleotides,
5'-dAATTCATGTGT (SEQ ID NO:42) (fragment 1) and

5'-d GATCACACATG (SEQ ID NO:43) (fragment 2) were
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synthesized by the phosphotriester procedure (24). Fragment
2 was phosphorylated as follows. 200 ul (40 pmole) of
(v>°P) ATP (Amersham, 5000 Ci/mmole) was dried down
and resuspended in 30 ul of 60 mM Tris-HC1 (pHS), 10 mM
Mg(Cl,, 15 mM f(3-merceptoethanol, containing 100 pmoles
of DNA fragment and 2 units of T4 polynucleotide kinase.
After 15 minutes at 37° C., 1 ul of 10 mM ATP was added

and the reaction allowed to proceed another 15 minutes. The
mixture was then heated at 70° C. for 15 minutes, combined
with 100 pmole of 5'-OH fragment 1 and 10 pmole of the 34
b.p. Sau 3a-Ava II fragment. Ligation was performed for 5
hours at 4° C. 1n 50 ul of 20 mM Tris-HCI (pH7.5) 10 mM
Mg Cl,, 10 mM dithiothreitol, 0.5 mM ATP and 10 units T4
DNA ligase. The mixture was electrophoresed on a 6 poly-
acrylamide gel and the 45 b.p. product recovered by elec-
troelution. 860,000 Cerenkov cpm were recovered (730 ng,
1 pmole), combined with 0.5 ug (5 pmoles) of the 150 b.p.
Ava II-Bgl II fragment and 1 ug (2 pmoles) of the 670 b.p.
Bgl I1-Pst I fragment. The ligation was performed at 20° C,
for 16 hours using 20 units of T4 DNA ligase. The ligase was
inactivated by heating to 65° C. for 10 minutes. The mixture
was then digested with Eco RI and Pst I to eliminate
polymers of the gene. The mixture was purified by 6 percent
polyacrylamide gel electrophoresis. 36,000 cpm (70.04
pmole, 20 ng) of 865 b.p. product were isolated. One-half
(10 ng) of this was ligated into pBR322 (0.3 ug) between the
Eco RI and Pst I sites. Transformation of £. coli 294 gave 70
tetracycline resistant, ampicillin sensitive tranformants.
Plasmid DNA 1solated from 18 of these transformants was
digested with Eco RI and Pst I. 16 of the 18 plasmids had an
Eco RI-Pst I fragment 865 b.p. 1n length. One ug of one of
these, pLe-IF Al, was digested with Eco RI and ligated to a
300 b.p. Eco RI fragment (0.1 ug.) containing the E. coli trp
promoter and trp leader ribosome binding site, prepared as
described above. Transformants containing the trp promoter
were identified using a >“P-trp probe in conjunction with the
Grunstein-Hogness colony screening procedure (27). An
asymetrically located Xba I site 1n the trp fragment allowed
determination of recombinants in which the trp promoter
was oriented 1n the direction of the Le-IF A gene.
K. Induction of Interferon Expression and In Vitro Assay

Extracts were prepared for IF assay as follows. One ml
cultures were grown 1n L broth containing 5 #g/ml tetracy-
cline to an A<, of about 1.0, then diluted into 25 ml of M9
media containing 5 ug/ml tetracycline. 10 ml samples were
harvested by centrifugation when A. ., reached 1.0 and cell
pellets were suspended 1in 1 ml of 15 percent sucrose, 50 mM
Tris-HC1 (pH 8.0), 50 mM EDTA. One mg of lysozyme was
added and, after 5 minutes at 0° C., cells were disrupted by
sonication. The samples were centrifuged 10 minutes at
15,000 rpm 1n a Sorvall SM-24 rotor. Interferon activity in
the supernatants was determined by comparison with Le-IF
standards by the cytopathic effect (CPE) inhibition assay (2).
To determine the number of IF molecules per cell a Le-IF
specific activity of 4x10° units/mg was used (7).

As shown 1n Table 1, Clone pLe-IF A trp 25, in Which the
trp promoter was 1nserted 1n the desired orientation, gives

high levels of activity (as high as 2.5x10° units per liter). As
shown 1n Table 2, the IF produced by E. coli K-12 strain

294/pLe-IF A trp 25 behaves like authentic human Le-IF; 1t
1s stable to treatment at pH2 and 1s neutralized by rabbit
anti-human leukocyte antibodies. The interferon has an
apparent molecular weight of approximately 20,000.
L. In Vivo Antiviral Activity of Le-IF A

The 1n vivo efficacy of interferon requires the presence of
macrophages and NK cells and the 1n vivo mode of action
appears to involve stimulation of these cells (33). Thus, it
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remained possible that the interferon produced by E. coli
294/pLe-IF A25, while having antiviral activity in the cell
culture assay, would not be active in infected animals.
Moreover, the 1 vivo antiviral activity of the bacterially
produced, non-glycosylated Le-IF A might be different from
the glycosylated Le-IF derived from human “buffy coat”
leukocytes. Therefore the biological activity of bacterially
synthesized Le-IF A (T2 Pure) was compared with buffy coat
Le-IF ("8 percent pure) in lethal encephalyomyocarditis

(EMC) virus infection of squirrel monkeys (Table 3).

TABLE 1

Interferon activity in extracts of £. coli

E. coli K-12

strain 294 Cell density [F Activity Le-IF molecules

transformed by: (cells/ml) units/ml culture per cell

pLe-IF A trp 25 3.5 x 10° 36,000 9,000

pLe-IF A trp 25 1.8 x 10° 250,000 12,000
TABLE 2

Comparison of activities of extracts from
E. coli 294/ple-IF A25 with standard Le-IF

Interferon Activity (units/ml)

rabbit anti-human

untreated pH2 leukocyte antibodies
294/pLelF-A trp 25 500 500 <10
cXtract
Le-IF standard 500 500 <10
TABLE 3

Antiviral effect of various Le-IF preparations
against EMC virus infection of squirrel monkeys

Sur-
Vi- Serum p.f.u./ml.
Treatment  vors day 2 day 3 day 4
Control 0/3 10 3 x 10% >10°
(bacterial 0 } 3 0 } 104 1,200 } il
proteins) 0 0 0 *
Bacterial 3/3 0 0 0
Le-IF A 0 0 0
0 0 0
Le-IF 3/3 0 0 0
standard 0 0 0
0 0 0

All monkeys were male (average weight 713 g) and had
no EMC virus antibodies prior to infection. The monkeys
were 1nfected intramuscularly with 100xLD., EMC virus
(determined in mice). The control treated monkeys died at
134, 158 and 164 hours post-infection. Interferon treatments
of 10° units were by the intravenous route at -4, +2, 23, 29,
48,72, 168 and 240 hours, relative to infection. The bacterial
leukocyte interferon was a column chromatography fraction
from a lysate of F. coli 294/pLe-IF A25 at a specific activity
of 7.4x10° U/mg protein. The control bacterial proteins were
an equivalent column {fraction from a lysate of E. coli
294/pBR322 at twice the total protein concentration. The
leukocyte interferon standard was Sendai virus induced
interferon from normal human “bufly-coat” cells, purified
chromatographically to a specific activity of 32x10° U/mg
protein.
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The control monkeys showed progressive lethargy, loss of
balance, flaccid paralysis of the hind-limbs and watering of
the eyes commencing around 8 hours prior to death. The
interferon treated monkeys showed none of these abnormali-
fies; they remained active at all times and developed no
viremia (Table 3). The one monkey in the control group
which did not develop viremia by 4 days died latest (164 h
post-infection) but showed high titers of virus in the heart
and brain on post-mortem. The interferon treated monkeys
did not develop antibodies to EMC virus as determined 14
and 21 days after infection. These results demonstrate that
the antiviral effects of Le-IF preparations in the infected
animals can be attributed solely to interferon because the
contaminating proteins are quite different in the bacterial

and bufly coat preparations.
M. Isolation of cDNAs for Additional Leukocyte Interferons

DNA from the fully characterized Le-IF A cDNA-
containing plasmid was excised with Pst I, 1solated

clectrophoretically, and labelled by a published procedure
(26) with **P. The resulting radioactively labelled DNA was
used as a probe to screen-additional E. coli 294
transformants, obtained 1dentically as those 1in Part D, by an
in situ colony screening procedure (27). Colonies were
1solated which hybridized in varying amounts to the probe.
Plasmid DNA from these colonies and the ten hybridizing
colonies referred to 1n Part I above was isolated by Pst
cutting and characterized by three different methods. First,
these Pst fragments were characterized by their restriction
endonuclease digestion patterns with the enzymes Bgl 1I,
Pvu I, and Eco RI. This analysis allowed the classification

of at least eight different types (Le-IF A, Le-IF B, Le-IF C,
Le-IF D, Le-IF E, Le-IF F, Le-IF G and Le-IF H), shown in
FIG. §, which approximates the location of various restric-
fion cuts relative to the by-now known presequence and
coding sequence of Le-IF A. One of these, Le-IF D, 1s
believed to be identical to that reported in (39).

Secondly, certain of the DNAs were tested by a published
hybridization sclection assay (38) for the ability to selec-
tively remove Le-IF mRNA from poly-A containing KG-1
cell RNA. Le-IF A, B, C and F were positive by this assay.
Third, the latter Pst fragments were 1nserted 1in an expression
plasmid, F. coli 294 transformed with the plasmid, and the
fragments expressed. The expression products, believed to
have been preinterferons, were all positive by CPE assay for
interferon activity, albeit marginally active 1n the case of the
Le-IF-F fragment. In addition to the foregoing, all of the
Le-IF types described have been sequenced (See FIG. 3).
N. Direct Expression of a Second Mature Leukocyte Inter-
feron

The sequence of the isolated fragment comprising the
ogene for mature Le-IF-B shows the first fourteen nucleotides
of types A and B to be 1dentical. We accordingly proposed
to 1solate a fragment from pLe-IF A25 bearing the trp-
promoter-operator, ribosome binding site and the start of the
Le-IF (A=B) gene, and combine this with the remaining
portion of the B sequence 1 an expression plasmid. The
salient restriction maps for the Pst fragment of pL4 (a

plasmid comprising the Le-IF B Pst-ended gene depicted in
FIG. 5) and pLe-IF A25 are shown, respectively, in FIGS. 7a

and 7b.

To obtain the approximately 950 b.p. Sau 3a to Pst I
fragment from the sequence shown 1n FIG. 7a several steps
were necessary because of the presence of one or more
intervening Sau 3a restriction sites, 1.€.:

1. The following fragments were 1solated:

a) 110b b.p. from Sau 3a to Eco RI;
b) 132 b.p. from Eco RI to Xba;
c) >700 b.p. from Xba to Pst.
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2. Fragments (1a) and (1b) were ligated and cut with Xba
and Bgl II to preclude self-polymerization through Sau 3a
and Xba end terminals (the relevant Sau 3a site was within
a Bgl II site; Bgl II cuts to leave a Sau 3a sticky end). A 242
b.p. fragment was 1solated.

3. The product of (2) and (1c¢) were ligated and cut with
Pst I and Bgl II, again to prevent self-polymerization. An
approximate 950 b.p. fragment, Sau 3a to Pst I of FIG. 7a,
was 1solated. This fragment comprised that portion of the
Le-1F B gene not common to Le-IF A.

4. An approximate 300 b.p. fragment (Hind III to Sau 3a)
comprising the trp promoter-operator, ribosome binding site,
ATG start signal and cysteine codon of Le-IF A was 1solated
from pLe-IF A25.

5. An approximately 3600 b.p. fragment Pst I to Hind III
was 1solated from pBr 322. This comprised the replicon and
encoded tetracycline but not ampicillin resistance.

6. The fragments obtained in steps 3, 4 and 5 were
triple-ligated and the resulting plasmid transformed mto F.
coli K-12 strain 294.

Transformants were miniscreened (37) and plasmid
samples were digested with Eco RI. Digests yielded three
fragments characteristic of:

1) The Eco RI-Eco RI trp promoter fragment; 2) The
internal Eco RI to Eco RI fragment of pLL4; and 3) protein
translational start signal to Eco RI fragment of pl.4.

In CPE assay, bacterial extracts from clones made 1n the
foregoing fashion typically assay at about 10x10° units
interferon activity per liter at A..,=1. One representative
clone prepared 1n this manner 1s 294/pLIF B trp 7.

O. Direct Expression of Further Mature Leukocyte Interfer-
ons

Additional full-length gene fragments that comprise other
Le-IF types may be tailored and placed in expression
vehicles for expression as in the case of Le-IF A. Complete
sequencing by conventional means will reveal whether a
restriction site lies sufficiently near the first amino acid
codon of the mature mterferon type as to permit convenient
resort to the approach employed in part J, supra, for the
expression of mature Le-IF A, 1.e., elimination of the pre-
sequence by restriction cutting and replacement of codons
for the N-terminal amino acids lost 1n presequence elimi-
nation by ligation of a synthetic DNA fragment; Failing that,
the procedure described in (36) may be employed. Briefly,
this entails cleaving the presequence-containing fragment
precisely before the point at which the codon for the first
amino acid of the mature polypeptide begins, by:

1. converting the double stranded DNA to single-stranded
DNA 1n a region surrounding that point;

2. hybridizing to the single-stranded region formed 1n step
(a) a complementary primer length of single-stranded
DNA, the 5" end of the primer lying opposite the
nucleotide adjoining the intended cleavage site;

3. restoring that portion of the second strand eliminated 1n
step 1 which lies 1n the 3' direction from the primer by
reaction with DNA polymerase in the presence of
adenine, thymine, guanine and cytosine-containing,
deoxynucleotide triphosphates; and

4. digesting the remaining single-stranded length of DNA
which protrudes beyond the intended cleavage point.

A short length of synthetic DNA terminating, at the 3' end
of the coding strand, with the translation start signal ATG
can then be ligated by, e.g., blunt-end ligation to the result-
ing tailored gene for the mature interferons and the gene
inserted mto an expression plasmid and brought under the
control of a promoter and its associated ribosome binding
site.
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In a manner similar to that employed 1n part N; supra,
gene fragments encoding Le-IF-C and Le-IF-D were appro-
priately configured for direct bacterial expression. The
expression strategy for these additional leukocyte interfer-
ons 1ncluded, in each case, resort to the approximately 300
b.p. fragment (Hind III to Sau 3a) comprising the trp
promoter-operator, ribosome binding site, ATG start signal

and cysteimne codon of Le-IF A from pLe-IF A25. To this
were combined gene fragments from the additional inter-
feron genes encoding their respective amino acid sequences
beyond the 1nitial cysteine common to all. Each resulting,
plasmid was used to transform F. coli K-12 strain 294.
Ligations to form the respective genes were as follows:

Le IF-C

Isolate the following fragments from pLe IF-C:

(a) 35 b.p. from Sau 3a to Sau 96

(b) >900 b.p. Sau 96 to Pst

(¢) Isolate an approximate 300 b.p. fragment (Hind III-
Sau 3a) from pLe IF A-25 as in part N (4) supra.

(d) Isolate the approximately 3600 b.p. fragment of part N
(5) supra.

Construction

(1) Ligate (a) and (c). Cleave with Bgl II, Hind III and
1solate the approximately 335 b.p. product.

(2) Triple ligate (1)+(b)+(d) and transform E. coli with the
resulting plasmad.

Arepresentative clone made 1n this manner 1s £, coli K-12

strain 294/pLe IF C trp 35.

Le-IF D

Isolate from ple IF-D:
a) 35 b.p. from Sau 3a to Ava II
b) 150 b.p. from Ava II to Bgl II

¢) approx. 700 b.p. from Bgl II to Pst
Isolate from ple IF A25:

d) 300 b.p. from Hind III to Sau 3a
Isolate from PBr 322:

¢) approx. 3600 b.p. from Hind III to Pst
Construction

(1) ligate (a)+(b), cut with Bgl II and purify a 185 b.p.
product (1).

(2) ligate (1)+(d), cut with Hind III, Bgl II, and purify the
approx. 500 b.p. product (2).

(3) ligate (2)+(c)+(¢) and transform FE. coli with the
resulting plasmid.

Arepresentative clone made 1n this manner 1s . coli K-12
strain 294/pLelF D trp 11.

Le-IF F

The Le-IF F containing fragment may be tailored for
direct expression through reassembly made convenient by
the complete homology of amino acids 1-13 of Le-IF B and
Le-IF F. A trp promoter-containing fragment (a) with appro-
priately configured ends i1s obtained from pHGH 207,
described above, via Pst I and Xba I digestion followed by
1solation of the ca. 1050 b.p. fragment. A second fragment
(b) is obtained as the larger of the fragments resulting from
Pst I and Bgl II digestion of the plasmid pHKY 10 (36).
Fragment (a) contains approximately half the gene encoding
amplicillin resistance; fragment (b) contains the remainder
of that gene and the enfire gene for tetracycline resistance
save for the associated promoter. Fragments (a) and (b) are
combined via T4 ligase and the product treated with Xba I
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and Bgl II to eliminate dimerization, forming a fragment (c)
comprising the trp promoter-operator and genes for tetracy-
cline and ampicillin resistance.

A fragment (d) of approximately 580 b.p. is obtained by
Ava II and Bgl II digestion of pLe IF-F. This comprises
codons for amino acids 14-166 of Le-IF F.

A fragment (¢) (49 b.p.) is obtained by Xba I and Ava II
digestion of pLe-IF B. Fragment (¢) encodes amino acids

1-13 of Le-IF F.

Fragments (c), (d) and (e) are triple ligated in the presence
of T4 ligase. The cohesive ends of the respective fragments
are such that the composite plasmid circularizes correctly,
bringing the tetracycline resistance gene under the control of
the trp promoter-operator along with the gene for mature
Le-IF F, such that bacteria transformed with the desired
plasmid may be selected on tetracycline-containing plates. A

representative clone prepared 1n this manner 1s F. coli K-12
strain 294/pLelF F trp 1.

Le-IF H

The complete Le-IF H gene may be configured for
expression as a mature leukocyte interferon as follows:

1. Plasmid pLe-IF H 1s subjected to Hae II and Rsa I

digestion with 1solation of the 816 base pair fragment
extending from the signal peptide amino acid 10 to the 3'
noncoding region.

2. The fragment 1s denatured and subjected to repair
synthesis with Klenow fragment, Klenow et al., Proc. Natl.
Acad. Sci. (USA) 65, 168 (1970), employing the synthetic
deoxyribooligonucletide primer 5'-dATG TGT AAT CTG
TCT. This general procedure 1s also de scribed by Goeddel
et al., U.S. Ser. No. 190799, filed Sep. 25, 1980.

3. The resulting product 1s cleaved with Sau 3a and a 452
base pair (“bp”) fragment representing amino acids 1 to 150
1solated.

4. Sau 3a and Pst I digestion of pLelF H and 1solation of
the resulting 500 b.p. fragment yields a gene encoding
amino acids 150 through the end of the coding sequence.

5. Fragments isolated in steps (3) and (4) are ligated to
form a fragment:

1 166
met Cvys asp stop
ATG TGT... e« o GAT TGA ... Pst I
Sau 3a

encoding the 166 amino acids of Le-IF H.

6. pLelF A trp 25 1s digested with Xba I, blunt-ended with
DNA polymerase I and the product digested with Pst I. The
large resulting fragment may be 1solated and ligated with the
product of step (5) to form an expression plasmid capable,
upon transformation of £. Coli K-12 strain 294 or other host
bacteria, of expressing mature Le-IF H.

Lell-1

The phage » Charon 4A recombinant library of the human
genome constructed by Lawn et al., Cell 15, 1157 (1978),
was screened for leukocyte interferon genes by procedures

described by Lawn et al., Supra and Mamniatis et al., Cell 15,
687 (1978). A radioactive LelF probe derived from the

cDNA clone LelF A (Goeddel et al., Nature 287, 411 (1980),
was used to screen approximately 500,000 plaques. Six LelF
genome clones were obtained 1n this screening. Following

rescreening and plaque purification, one of these clones,
’MHILelF2, was selected for further analysis.
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Using the method described above, other probes can be
used to advantage to 1solate additional LelF clones from the
human genome. These, 1n turn, can be employed to produce
additional leukocyte interferon proteins 1 accordance with
this mvention.

1. The 2000 base pair Eco RI fragment of the genomic
clone (AHLelIF2) was subcloned into pBR325 at the Eco RI
site. The resulting plasmid LelF I was cleaved with Eco RI

and the 2000 base pair fragment 1solated. The deoxyoligo-
nucleotide dAATTCTGCAG (SEQ ID NO:44) (an Eco

RI>Pst I convertor) was ligated to the 2000 base pair Eco RI
fragment and the resulting product cleaved with Pst I to give
a 2000 base pair fragment containing Pst I ends. This was
cleaved wtih Sau 96 and a 1100 base pair fragment 1solated
which has one Pst I end and one Sau 96 end.

2. The plasmid pLelF C trp 35 was digested with Pst I and
Xba I. The large fragment was 1solated.

3. The small Xba I-Pst I fragment from pLelF C trp 35
was digested with Xba I and Sau 96. A 40 base pair Xba

[-Sau 96 fragment was 1solated.

4. The fragments isolated in steps 1), 2) and 3) were
ligated to form the expression plasmid pLelF I trp 1.

Lell-J

1. The plasmid pLelF J contains a 3.8 kilobase Hind III
fragment of human genomic DNA which includes the LelF
J gene sequence. A 760 base pair Dde I-Rsa I fragment was
1solated from this plasmad.

2. The plasmid pLelF B trp 7 was cleaved with Hind 111
and Dde I and a 340 bp Hind III-Dde I fragment isolated.

3. The plasmid pBR322 was cleaved with Pst I, blunt
ended by incubation with DNA Pol I (Klenow fragment),

then digested with Hind III. The large (T3600 bp) fragment
was 1solated.

4. Fragments isolated in steps 1), 2) and 3) were ligated
to form the expression plasmid pLelF J trp 1.
P. Purification

The content of leukocyte interferon 1n bacterial extracts
may be enhanced by successive:

1. polyethylene-imine precipitation, 1n which most of the
cellular protein, including the interferon, remains in the
supernatant;

2. ammonium sulfate fractionation, im which interferon
comes out of solution 1n 55 saturated ammonium
sulfate;

3. suspension of the ammonium sulfate pellet in 0.06M
potassium phosphalte, 10 mM tris-HC1, pH 7.2, and
dialysis against 25 mM tris-HCl, pH 7.9 (interferon
activity remains in solution); and

4. Loading the above supernatant, pH adjusted to 8.5, on

a DEAE-cellulose (Whatman DE-53) column and elut-
ing with a linear gradient of 0 to 0.2M NaCl 1n 25 mM
tris HCI, pH 8.5.

5. Adsorption on Cibachrome Blue Agarose (Amicon
Blue A) or hydroxyapatitie and elution with high salt

(1.5 M KCl or 0.2 M phosphate respectively)—
optional.

6. Molecular sizing on a Sephadex G-75 column.

/. Cation exchange chromatography on CM-cellulose
(Whatman CM-52) in 25 mM ammonium acetate at pH
5.0, developed with an ammonium acetate gradient (to
0.2 M ammonium acetate).
In our hands, the above process gives essentially homo-
geneous material (e.g. >95 percent pure).
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The material can also be further purified by further steps
such as, 1n succession:

8. Size exclusion chromatography;
9. Reverse phase (RP-8) high pressure liquid chromatog-
raphy; and if desired

10. Affinity chromatography on immobilized antiinter-
feron antibodies.

Afhinity chromatography on a monoclonal antibody col-
umn can be used as an alternative to the Step 6 Sephadex

G-75 column above. The material from step 4 1s loaded on
the monoclonal antibody column, prepared as described by
Milstein, C., Scientific American 243, No. 4, p. 66 (1980),
and eluted with 0.2 M acetic acid, 0.1 percent tritgn and 0.15
M NaC(l.

In an alternative, preferred embodiment, the leukocyte
interferon produced by the procedures described herein can
be purified by the following steps:

1. Frozen cell pellets containing the expressed leukocyte
interferon are broken up manually or by appropriate size
reduction equipment. The partially thawed cells are sus-
pended 1 4 volumes of buffer A. The suspension 1s held to
approximately 4° C.

Buffer A:

0.1 M Tris adjusted to pH 7.5-8.0

10% (w/v) sucrose

0.2 M Na(Cl

5 mM EDTA

0.1 mM PMSF

10-100 mM Mg(Cl,
The suspension 1s passed through a Manton Gaulin labora-
tory homogenizer at about 6000 psi1 followed by a second
pass at less than 1000 psi. Effluent from the homogenizer
from both passes 1s cooled 1n an 1ce bath.

2. Polyethylene-imine (PEI) (e¢.g. Polymin P) is added
slowly to the homogenate to a concentration of about 0.35%
and allowed to stand for about 30 min. The solids are
removed by centrifugation or filtration. This step 1s tem-
perature controlled or performed sufficiently quickly that the
supernatant (filtrate) is kept at less than 10° C. The super-
natant (filtrate) is concentrated by ultrafiltration, e.g. on a
Millipore Pellicon cassette system (PTGC, 5 ft.>, MWCO
10,000), to approximately 1/10 the original volume. Particu-
late matter or haziness 1n the retenate may be removed by an
appropriate filter such as a microporous membrane.

3. The clarified solution 1s loaded directly onto a mono-
clonal antibody column at a flux of 5-8 cm/hr. (e.g. 25—40
ml/hr. on 2.6 cm Diam column). After loading the column is
washed with approximately 10 column volumes of 25 mM
Tris HCI, pH 7.5-8.5 including NaCl (0.5M) and surfactant
such as Triton X-100 (0.2%) or equivalent. Following the
wash the column 1s rinsed with about 10 column volumes of
solution containing 0.15 M NaCl and surfactant such as
Triton X-100 (0.1%) or equivalent. The column is eluted
with 0.2 M acetic acid containing surfactant such as Triton
X-100 (0.1%) or equivalent. The protein peak from the
monoclonal antibody column (as determined by UV absor-
bence or other convenient assay) is pooled and the pH
adjusted to approximately 4.5 with 1 N NaOH or 1.0 M Tris
base.

4. The pooled iterferon peak 1s loaded onto a cationic
exchanger such as Whatman CM52 cellulose or equivalent
which has been equilibrated with suitable buffer such as
ammonium acetate pH 4.5 (50 mM). After loading, the
column 1s washed with equilibrating buffer until the UV
absorbence of the effluent has reached a plateau so that little
additional protein 1s eluting from the column. The column 1s
then eluted with 25 mM ammonium acetate/0.12 M sodium
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chloride or a combination which optimizes recovery of
interferon and affords a lyophilized cake having satisfactory
appearance and solubility properties.

The monoclonal antibodies employed in the preferred
embodiment described above can be prepared by the pro-
cedures described by Staehelin, et. al.,, PN.A.S., 78, pp.
1848-52 (1981). Monoclonal antibodies are purified and
covalently linked to Affigel-10 as described below:
Preparation and Purification of Monoclonal antibodies from
Ascitic Fluid

Five female Balb/c mice were each 1noculated with 5 to
10x10° hybridoma cells from mid-log growth phase. About
5x10° viable cells obtained from the mouse producing fluid
were 1noculated intraperitoneally mto each of 10 or more
mice. The ascitic fluid was collected repeatedly (2 to 4
times) from each mouse. Up to three transfers and collec-
fions may be performed from one group of mice to the next.
Ascitic fluid from mice at each transfer was pooled.

Cells and debris were removed from the ascitic fluid by
low speed centrifugation (500-1000xg) for 15 min. Then
centrifugation was performed for 90 min. at 18,000 rpm 1n
the SS34 Sorvall rotor without braking. The supernatant was
frozen and stored at —=20° C. After thawing, additional fibrin
and particulate material were removed by centrifugation at
35,000 rpm for 90 min. 1n the Type 35 Spinco rotor. Batches
of ascific fluid from each transfer were tested for speciiic
antibody activity by a solid phase antibody-binding assay
(Stachelin, et. al., PN.A.S., 78, pp. 1848-52 (1981) and
pooled 1f found satisfactory.

Concentration of protein in the pooled solutions was
estimated by the approximation that 1 mg of protein yields
an absorbance of 1.2 at 280 nm 1n a cuvette with a path
length of 1.0 cm. Ascites fluids with high levels of antibody
contain 30 to 35 mg protein/ml. This 1s equivalent to 4—7 mg
of specilic antibody/ml. The fluid was diluted with PBS
(0.01 M sodium phosphate, pH 7.3, 0.15 M NaC(Cl) to a
protein concentration of 10 to 12 mg/ml (12 to 15 A,g,
units/ml).

To each 100 ml of diluted solution, 90 ml of room
temperature saturated ammonium sulfate solution was added
slowly with vigorous stirring at 0° C. The suspension was
kept 1n 1ce for 40 to 60 min., then centrifuged for 15 min. at
10,000 rpm in a Sorvall GS-A rotor at 4° C. The supernatant
was decanted and drained well. The protein pellets were
dissolved in 0.02 M Tris.HCI (pH 7.9)/0.04 M NaCl (Buffer
A; about 5 ml per 250 ml centrifuge bottle). The protein
solution was dialyzed for 16 to 18 hrs. at room temperature
against 100 volumes of Buffer A with at least one change of
the buffer. The dialyzed solution was centrifuged at 15,000
rpm 1n a SS34 Sorvall rotor for 10 min. to remove undis-
solved material. About 30% to 35% of the original amount
of total protein 1n the ascitic fluid was recovered as estimated
by absorption at 280 nm.

The solution containing 30 to 40 mg of protein per ml was
then applied to a column of DEAE-cellulose (DE52,
Whatman) equilibrated with Buffer A. A column bed volume
of at least 100 m1 was used for each gram of protein applied.
The antibody was eluted from the column with a linear NaCl
oradient containing 0.02 M Tris. HCI, pH 7.9, from 0.04 M
to 0.5 M NaCl. Pooled peak fractions eluting between 0.06
and 0.1 M NaCl were concentrated by precipitation with an
cequal volume of room temperature saturated ammonium
sulfate and centrifugation. The protein pellets were dis-
solved in 0.2 M NaHCO; (pH ~8.0)/0.3 M NaCl (Buffer B)
followed by dialysis against three changes of the same buifer
at room temperature. The dialyzed solutions were centri-
fuged at 20,000xg for 15 min. to remove any insoluble
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material. Protein concentration was adjusted to 20 to 25
mg/ml with Buffer B. SDS-polyacrylamide gel electrophore-
sis of representative monoclonal antibodies 1s shown 1n FIG.
1.

Preparation of Immunoadsorbants

Affigel-10 (BioRad Laboratories, Richmond, Calif.) was
washed on a sintered glass filter three times with 1ce-cold
1sopropanol followed by three washes with 1ce-cold distilled
water. The gel slurry (~50% in cold water) was transferred
to plastic tubes and sedimented by a brief centrifugation.
The supernatant was aspirated. The packed gel was mixed
with an equal volume of purified antibody solution and
rotated end-over-end at 4° C. for 5 hrs. After reaction, the gel
was centrifuged, then washed twice with Buffer C (0.1 M
NaHCO;/0.15 M NaCl) to remove uncoupled antibody.
Protein determination of the combined washes revealed that
more than 90% of antibody was coupled to the gel.

To block unreacted sites, the gel was mixed with an equal
volume of 0.1 M ethanolamine.HCl (pH 8) and rotated
end-over-end at room temperature for 60 min. The gel slurry
was washed free of reactants with PBS and stored in PBS 1n
the presence of 0.02% (w/v) sodium azide at 4° C.

Q. Parenteral Administration

Le-IF may be parenterally administered to subjects requir-
ing antitumor, or antiviral treatment, and to those exhibiting
immunosuppressive conditions. Dosage and dose rats may
parallel that currently 1n use 1n clinical investigations of
human derived materials, e.g., about (1-10)x10° units daily,
and 1n the case of materials of purity greater than 1 percent,
likely up to, e.g., 50x10° units daily. Preliminary indications
in the monkey study described above suggest that dosages of
bacterially obtained Le-IF could be significantly elevated for
orcater elfect owing to the essential absence of human
proteins other than Le-IF, which proteins 1n leukocyte-
derived materials may act as pyrogens, exhibiting adverse
ciiects, e.g., malaise, temperature elevation, etc.

As one example of an appropriate dosage form for essen-
tially homogeneous bacterial Le-IF 1n parenteral form, 3 mg.
Le-IF of specific activity of, say, 2x10° U/mg may be
dissolved in 25 ml. 5 N serum albumin (human)—USP, the
solution passed through a bacteriological filter and the
filtered solution aseptically subdivided into 100 wvials, each
containing 6x10° units pure interferon suitable for parenteral
administration. The vials are preferably stored in the cold
(-20° C.) prior to use.

The compounds of the present invention can be formu-
lated according to known methods to prepare pharmaceuti-
cally useful compositions, whereby the polypeptide hereof 1s
combined in admixture with a pharmaceutically acceptable
carrier vehicle. Suitable vehicles and their formulation are
described 1n Remington’s Pharmaceutical Sciencesby E. W.
Martin, which 1s hereby incorporated by reference. Such
compositions will contain an effective amount of the inter-
feron protein hereof together with a suitable amount of
vehicle 1n order to prepare pharmaceutically acceptable
compositions suitable for effective administration to the
host. One preferred mode of administration is parenteral.
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35 40 45
ctt ttc tcec tge ttg aag gac aga cat gac ttt gga ttt ccc cag gag 252
Leu Phe Ser Cys Leu Lys Asp Arg His Asp Phe Gly Phe Pro Gln Glu
50 55 60
gag ttt ggc aac cag ttc caa aaqg gct gaa acc atc cct gtc ctc cat 300



Glu
65

gag
Glu

gct
Ala

cag
Gln

aca
Thr

tac
Tyr
145

tgt

Cys

tca
Ser

Phe

atg
Met

gct
Ala

cag
Gln

gag
Glu
130

ttc
Phe

sfefe
Ala

aca
Thr

Gly

atc
Tle

tgg
Trp

ctg
Leu
115

act
Thr

caa
Gln

tgg
Trp

aac
Asn

Asn

cag
Gln

gat
Asp
100

aat
Asn

ccc
Pro

aga
Arqg

gag
Glu

ttg
Leu
180

Gln

cag
Gln
85

gag
Glu

gac
Asp

ctg
Leu

atc
ITle

gtt
vVal
165

caa
Gln

Phe
70

atc
Tle

acc
Thr

ctg
Leu

atg
Met

act
Thr
150

gtc
Val

gaa
Glu

27

Gln

ttc
Phe

ctc
Leu

gaa
Glu

aag
Lys
135

ctc
Leu

aga
Arg

agt
Ser

aat
Asn

cta
Leu

gcc
Ala
120

gag
Glu

tat

gca
Ala

tta
Leu

Ala

ctc
Leu

gac
Asp
105

tgt
Cys

gac
Asp

ctg
Leu

gaa
Glu

aga
Arg
185

Glu

ttc
Phe
90

aaa

gtg
val

tcc
Ser

aaa

atc
Tle
170

agt
Ser

Thr
75

agc
Ser

ttc
Phe

ata
Tle

att
Tle

gag
Glu
155

atg
Met

aaqg
Lys

—continued

Tle Pro Val Leu

aca
Thr

tac

cag
Gln

ctg
Leu
140

aaqg
Lys

aga
Arg

gaa
Glu

aaqg
Lys

act
Thr

999
Gly

125

gct
Ala

adaa

tct
Ser

gac
Asp

gaa
Glu
110

gtg
vVal

gtg
val

tac

ttt
Phe

tca
Ser

95

ctc
Leu

999
Gly

agg
Arqg

agc
Ser

tct

Ser
175

tgaaaactqgqg

US 6,482,613 Bl

His
80

tct
Ser

tac
Tyr

gtg
vVal

aaa
Lys

cct

Pro
160

ttg
Leu

348

396

444

492

540

588

634

23

ttcaacatgg aaatgatttt cattgattcg tatgccagct caccttttta tgatctgcca 694

tttcaaagac tcatgtttct gctatgacca tgacacgatt taaatctttt caaatgtttt 754

taggagtatt aatcaacatt gtattcagct cttaaggcac tagtccctta cagaggacca 814

tgctgactga tccattatct atttaaatat ttttaaaata ttatttattt aactatttat 874

aaaacaactt atttttgttc atattacgtc atgtgcacct ttgcacagtg gttaatgtaa 934

taaaatatgt tctttgtatt tgct 958

<210>
<211>
<212>
<213>

SEQ ID NO 2

LENGTH: 188

TYPE: PRT

ORGANISM: Homo sapilens

<400> SEQUENCE: 2

Met Ala Leu Thr

1

Lys

Gly

Leu

Glu

65

Glu

Ala

Gln

Thr

Ser

Ser

Phe

50

Phe

Met

Ala

Gln

Glu

130

Phe

Ser

Arg

35

Ser

Gly

Tle

Trp

Leu

115

Thr

Gln

Cys
20

Arqg

Asn

Gln

Asp

100

Asn

Pro

Arg

Phe

5

Ser

Thr

Leu

Gln

Gln

85

Glu

Asp

Leu

Tle

Ala

val

Leu

Phe

70

Ile

Thr

Leu

Met

Thr

Leu

Gly

Met

Asp

55

Gln

Phe

Leu

Glu

Lys

135

Leu

Leu

Leu
40

Arg

Asn

Leu

Ala
120

Glu

val

Asp

25

Leu

His

Ala

Leu

Asp

105

Asp

Leu

Ala

10

Leu

Ala

Asp

Glu

Phe

90

val

Ser

Leu

Pro

Gln

Phe

Thr

75

Ser

Phe

Tle

Tle

Glu

Leu

Gln

Met

Gly

60

Tle

Thr

Gln

Leu
140

Val
Thr
Arg
45

Phe

Pro

Thr

Gly
125

Ala

Leu

His

30

Pro

Val

Asp

Glu

110

Val

val

Ser
15

Ser
Tle
Gln
Leu
Ser
95

Leu

Gly

Ser

Cys

Leu

Ser

Glu

His

80

Ser

Tyr

Val

Pro



145

150

29

155

—continued

US 6,482,613 Bl

160

Cys Ala Trp Glu Val Val Arg Ala Glu Ile Met Arg Ser Phe Ser Leu

165

170

Ser Thr Asn Leu Gln Glu Ser Leu Arqg Ser Lys Glu

<210>
<211>
<212>
<213>
<220>
<221>
<222>

180

<400> SEQUENCE:

SEQ ID NO 3
LENGTH:
TYPE:
ORGANISM: Homo sapilens
FEATURE:
NAME/KEY: CDS
LOCATION:

1041
DNA

(32)...(598)

3

185

175

tactagctca gcagcatggg caacatctac a atg gcc ttg act ttt tat tta
Met Ala Leu Thr Phe Tyr Leu

atg
Met

tgt
Cys

ctc
Leu

40
aga

Arg

cag
Gln

ttc
Phe

ctt
Leu

gaa
Glu
120

tac

cta
Leu

aga
Arg

aga
Arg

gtg
val

gat
Asp
25

ctg
Leu

cat
His

aag
Lys

aac
Asn

cta
Leu
105

gtc
Val

gag
Glu

tat

gca
Ala

ttg
Leu
185

gcc
Ala
10

ctg
Leu

gca
Ala

gac
Asp

gct
Ala

ctc
Leu
90

gat
Asp

ctg
Leu

gac
Asp

ctg
Leu

gaa
Glu
170

aaqg
Lys

cta
Leu

cct
Pro

caa
Gln

ttt
Phe

caa
Gln
75

ttc
Phe

gaa
Glu

tgt
Cys

tcc
Ser

aca
Thr
155

atc
Tle

Ser

gtg
Val

cag
Gln

atg
Met

gaa
Glu
60

gcc
Ala

agc
Ser

ttc
Phe

gat
Asp

atc
Tle
140

gag
Glu

atg
Met

aaqg
Lys

gtg
val

act
Thr

cqga
Arg
45

ttc
Phe

atc
Tle

aca
Thr

tac
Tyr

cag
Gln
125

ctqg
Leu

aaqg
Lys

aga
Arg

gaa
Glu

ctc
Leu

cac
His
30

aga

Arg

ccc
Pro

tct
Ser

aaqg
Lys

atc
Tle
110

gaa
Glu

gct
Ala

aaa

tcc
Ser

tgagacctgg tacaacacgg aaatgattct

agc
Ser
15

agc
Ser

atc
Tle

cag
Gln

gtc
Val

gac
Asp
95

gaa
Glu

gtg
Val

gtg
Val

tac
Tyr

ttc
Phe
175

tac
Tyr

ctg
Leu

tct
Ser

gag
Glu

ctc
Leu
80

tca
Ser

ctt
Leu

999
Gly

ag9g
Arg

agc
Ser
160

tct
Ser

1

aaqg
Lys

ggt
Gly

cCct
Pro

gag
Glu
65

cat
His

tct
Ser

gac
Asp

gtg
val

aaa
Lys
145

tct

Ser

tta
Leu

tca
Ser

aac
Asn

ttc
Phe
50

ttt
Phe

gag
Glu

gct
Ala

cag
Gln

ata
Tle
130

tac

tgt
Cys

tca
Ser

ttc
Phe

ag99
Arg

35

tcc
Ser

gat
Asp

atg
Met

gct
Ala

cag
Gln
115

gag
Glu

ttc
Phe

gcc
Ala

atc
Tle

agc
Ser
20

a99g
Arg

tgc
Cys

gat
Asp

atc
ITle

ttg
Leu
100

ctg
Leu

tct
Ser

caa
Gln

tgg
Trp

aac
Asn
180

5

tct
Ser

gcc
Ala

ctg
Leu

aaa

cag
Gln
85

gat
Asp

aat
Asn

coc
Pro

aga
Arg

gag
Glu
165

ttg
Leu

ctqg
Leu

ttg
Leu

aaqg
Lys

cag
Gln
70

cag
Gln

gag
Glu

gac
Asp

ctqg
Leu

atc
Tle
150

gtt
Val

caa
Gln

ggc
Gly

ata
Tle

gac
Asp
55

ttc
Phe

acc
Thr

acc
Thr

ctg
Leu

atg
Met
135

act
Thr

gtc
Val

aaa
Lys

52

100

148

196

244

292

340

388

436

484

532

580

628

30

catagactaa tacagcagtc tacactttga caagttgtgc tctttcaaag acccttgttt 688

ctgccaaaac catgctatga attgaatcaa atgtgtcaag tgttttcagg agtgttaagc 748

aacatcctgt tcagctgtat gggcactagt cccttacaga tgaccatgct gatggatcta 808

ttcatctatt tatttaaatc tttatttagt taactactat agggacttaa attagttttg 868



ttcatattat attatgtgaa cttttacatt gtgaattgtg taacaaaaac atgttcttat

atttattatt ttgccatgtt tattaaattt ttactatgaa aaaattcttt atttattctt

31

—continued

taaaattgaa ctccaaccca tgaattgtgc aaactgatta aagaatggat ggt

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 4

LENGTH: 189

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE :

Met Ala Leu Thr

1

Lys

Gly

Pro

Glu

65

His

Ser

Asp

val

Lys

145

Ser

Leu

<210>
<211>
<212>
<213>
<220>
<221>
<222>

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Tle
130

Ser

Phe

Arqg

35

Ser

Asp

Met

Ala

Gln

115

Glu

Phe

Ala

Tle

Ser
20

Arqg

Asp

Tle

Leu

100

Leu

Ser

Gln

Trp

Asn
180

4

Phe
5

Ser

Ala

Leu

Gln
85

Asp

Asn

Pro

Glu
165

Leu

Tyr

Leu

Leu

Gln
70

Gln

Glu

Leu

Tle
150

vVal

Gln

Leu

Gly

Ile

Asp

55

Phe

Thr

Thr

Leu

Met

135

Thr

val

Met

Leu

40

Arg

Gln

Phe

Leu

Glu

120

Leu

Arg

Val
Asp
25

Leu

His

Asn
Leu
105

val

Glu

Ala

Leu
185

Ala

10

Leu

Ala

Asp

Ala

Leu

90

Asp

Leu

Asp

Leu

Glu
170

Leu

Pro

Gln

Phe

Gln

75

Phe

Glu

Cys

Ser

Thr

155

Ile

Ser

SEQ ID NO 5

LENGTH: 963

TYPE: DNA

ORGANISM: Homo saplens

FEATURE:
NAME/KEY: CDS
LOCATION:

<400> SEQUENCE:

(46)...(612)

5

aaggttatcc atctcaagta gcctagcaat atttgcaaca

ttt
Phe

tct
Ser

gcc
Ala

ctg
Leu

toct
Ser

ctg
Leu

ttg
Leu

aaqg
Lys

tta
Leu

ggc
Gly

ata
Tle

gac
Asp

ctt
Leu

tgt
Cys

ctc

Leu
40

aga
Arg

atg
Met

gat
Asp
25

ctg
Leu

cat
His

gcc
Ala
10

ctg
Leu

gga
Gly

gat
Asp

gtg
val

cct
Pro

caa
Gln

ttc
Phe

ctg
Leu

cag
Gln

atg
Met

cga
Arg

gtg
vVal

acc
Thr

gga
Gly

45

atc
Tle

ctc
Leu

cac
His
30

aga
Arg

ccc
Pro

agc
Ser
15

agc
Ser

atc
Tle

caqg
Gln

val

Gln

Met

Glu

60

Ala

Ser

Phe

Asp

Tle

140

Glu

Met

tccca atg gcc ctg tcc
Met Ala Leu Ser

tac

ctc
Leu

tct
Ser

gag
Glu

val

Thr

Arg

45

Phe

Tle

Thr

Gln
125

Leu

Arg

Glu

adaa

ggt
Gly

cct
Pro

gag
Glu

Leu

His
30

Arqg

Pro

Ser

Tle
110

Glu

Ala

Ser

tcc
Ser

aat
Asn

ttc
Phe
50

ttt
Phe

Ser
15

Ser

Ile

Gln

val

Asp

95

Glu

val

val

Phe
175

atc
Ile

agg
Arg

35

tcc
Ser

gat
Asp

US 6,482,613 Bl

Tyr

Leu

Ser

Glu

Leu
80

Ser

Leu

Gly

Arg

Ser
160

Ser

tgt
Cys
20

agg
Arg

tgc
Cys

ggc
Gly

928

988

1041

57

105

153

201

249

32



aac
Asn

cag
Gln
85

gaa
Glu

aat
Asn

ccc
Pro

aga
Arg

gag
Glu
165

ttg
Leu

cag
Gln
70

cag
Gln

cag
Gln

gac
Asp

ctg
Leu

atc
Tle
150

gtt
Val

caa
Gln

35

ttc
Phe

acc
Thr

agc
Ser

ctg
Leu

atg
Met
135

act
Thr

gtc
Val

aaa
Lys

cag
Gln

ttc
Phe

ctc
Leu

gaa
Glu
120

aat
Asn

ctt
Leu

aga
Arqg

aga
Arqg

aaqg
Lys

aat
Asn

cta

Leu
105

gca
Ala

gag
Glu

tat
Tyr

gca
Ala

tta

Leu
185

gct
Ala

ctc

Leu
90

gaa
Glu

tgt
Cys

gac
Asp

cta
Leu

gaa
Glu
170

ag9g
Arqg

33

caa
Gln
75

ttc
Phe

aaa

gtg
val

tcc
Ser

ata
Tle
155

atc
Tle

ag9g
Arqg

60

gcc
Ala

agc
Ser

ttt
Phe

ata
Tle

atc
Tle
140

gag
Glu

atg
Met

aaqg
Lys

atc
Ile

aca
Thr

tcc
Ser

cag
Gln
125

ctg
Leu

agg
Arg

aga
Arg

gat
Asp

tct
Ser

gag
Glu

act
Thr
110

gag
Glu

gct
Ala

aaa

tcc
Ser

gtc
Val

gac
Asp
95

gaa
Glu

gtt
Val

gtg
Val

tac
Tyr

ctc
Leu

175

—continued

ctc

Leu
80

tca
Ser

ctt
Leu

999
Gly

agg
Arg

agc
Ser
160

tcg
Ser

65
cat

His

tct
Ser

tac

gtg
val

aaa
Lys
145

cct
Pro

ttt
Phe

gagd
Glu

gct
Ala

cag
Gln

gaa
Glu
130

tac

tgt
Cys

tca
Ser

atg
Met

gct
Ala

caa
Gln
115

gag
Glu

ttc
Phe

gcc
Ala

aca
Thr

tgaaaactgg ttcaacatgqg

US 6,482,613 Bl

atc
Tle

tgg
Trp

100

ctg
Leu

act
Thr

caa
Gln

tgg
Trp

aac
Asn

180

297

345

393

441

489

537

585

632

34

caatgatcct gattgactaa tacattatct cacactttca cgagttcttc catttcaaaqg 692

actcacttct ataaccacaa acgcgttgaa tcaaaatttt caaatgtttt cagcagtgta 752

aagaagtgtc gtgtatacct gtgcaggcac tagtccttta cagatgacca ttctgatgtc 812

tctgttcate ttttgtttaa atatttattt aattattttt aaaatttatg taatatcatg 872

agtcccttta cattgtggtt aatgtaacaa tatatgttct tcatatttag ccaatatatt 932

aatttccttt ttcattaaat ttttactata c 96 3

<210>
<211>
<212>
<213>

SEQ ID NO 6

LENGTH: 18%

TYPE: PRT

ORGANISM: Homo saplens

<400>

SEQUENCE :

Met Ala Leu Ser

1

Lys

Gly

Pro

Glu

65

His

Ser

val

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu

Ile

Arg

35

Ser

Asp

Met

Ala

Gln

115

Glu

Cys

20

Arqg

Cys

Gly

Tle

Trp
100

Leu

Thr

6

Phe

5

Ser

Ala

Leu

Asn

Gln

85

Glu

Asnh

Pro

Ser

Leu

Leu

Gln

70

Gln

Gln

Asp

Leu

Leu

Gly

Tle

Asp

55

Phe

Thr

Ser

Leu

Met

Leu

Leu
40

Arg

Gln

Phe

Leu

Glu

120

Asn

Met
Asp
25

Leu

His

Asn
Leu
105

Ala

Glu

Ala
10

Leu

Gly

Asp

Ala

Leu

90

Glu

Asp

Val

Pro

Gln

Phe

Gln

75

Phe

vVal

Ser

Leu

Gln

Met

Arg

60

Ala

Ser

Phe

Tle

Tle

val

Thr

Gly

45

Tle

Ile

Thr

Ser

Gln

125

Leu

Leu

His

30

Arg

Pro

Ser

Glu

Thr

110

Glu

Ala

Ser

15

Ser

Tle

Gln

Val

Asp

95

Glu

val

val

Tyr

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Arg



US 6,482,613 Bl
35

—continued

130 135 140

Leu Ile Glu

155

Lys
145

Phe Gln Arg Ile Thr Leu Tyr
150

Arg Lys Tyr Ser
160

Glu Ile
170

Pro Ala Trp Glu Val Val Arqg Ala Met

165

Arg Ser Leu Ser
175

Phe Ser Thr Asn Leu Gln Lys Arg Leu

180 185

Arg Arg Asp

<210>
<211>
<212>
<213>

SEQ ID NO 7/

LENGTH: 863

TYPE: DNA

ORGANISM: Homo saplens

36

<220>
<221>
<222>

FEATURE::
NAME/KEY: CDS
LOCATION:

<400> SEQUENCE:

(55)e..(621)

7

caaggttcag agtcacccat ctcagcaagc ccagaagtat

gcc
Ala

tca
Ser

aac
Asn

tcc

Ser
50

ttt
Phe

gag
Glu

gct
Ala

cag
Gln

gga
Gly

130

tac

tgt
Cys

tca
Ser

tcg
Ser

agc
Ser

agg
Arg

35

tcc
Ser

gat
Asp

ctg
Leu

gct
Ala

cag
Gln
115

gaa
Glu

ttc
Phe

gcc
Ala

aca
Thr

ccc
Pro

tgc
Cys
20

agg
Arg

tgt
Cys

ggc
Gly

atc
Tle

tgg
Trp

100

ctg
Leu

act
Thr

cga
Arg

tgg
Trp

aac
Asn
180

ttt
Phe

tct
Ser

acc
Thr

ctqg
Leu

aac
Asn

cag
Gln
85

gat
Asp

aat
Asn

ccc
Pro

aga
Arqg

gag
Glu
165

ttg
Leu

gct
Ala

ctg
Leu

ttg
Leu

atg
Met

cag
Gln
70

cag
Gln

gag
Glu

gac
Asp

ctg
Leu

atc
Tle
150

gtt
Val

caa
Gln

tta
Leu

ggc
Gly

atg
Met

gac
Asp
55

ttc
Phe

atc
Tle

gac
Asp

ttg
Leu

atg
Met
135

act
Thr

gtc
Val

gaa
Glu

ctg
Leu

tgt
Cys

ctc

Leu
40

aga
Arg

cag
Gln

ttc
Phe

ctc
Leu

gaa
Glu
120

aat
Asn

ctc
Leu

aga
Arg

aga
Arg

atg
Met

gat
Asp
25

ctg
Leu

cat
His

aaqg
Lys

aac
Asn

cta
Leu

105

gcc
Ala

gtg
Val

tat

gca
Ala

tta
Leu
185

gtc
Val
10

ctg
Leu

gca
Ala

gac
Asp

gct
Ala

ctc
Leu

90

gac
Asp

tgt
Cys

gac
Asp

ctg
Leu

gaa
Glu
170

agg
Arg

ctg
Leu

cCct
Pro

caa
Gln

ttt
Phe

cca
Pro

75

ttt
Phe

aaa

gtg
Val

tcc
Ser

aca
Thr
155

atc
Tle

agg
Arg

gtg
vVal

gag
Glu

atg
Met

gga
Gly

60

gcc
Ala

acc
Thr

ttc
Phe

atg
Met

atc
Tle
140

gag
Glu

atqg
Met

aag
Lys

ctgcaatatg tacg atg

gtg
val

acc
Thr

agc
Ser
45

ttt
Phe

atc
Tle

aca
Thr

tgc
Cvys

cag
Gln
125

ttg

Leu

aaqg
Lys

aga
Arg

gaa
Glu

ctc
Leu

cac
His
30

aga
Arg

ccc
Pro

tct
Ser

aaa

acc
Thr
110

gag
Glu

gct
Ala

aaa

tcc
Ser

agc
Ser
15

agc
Ser

atc
Tle

cag
Gln

gtc
Val

gat
Asp
95

gaa
Glu

gagd
Glu

gtg
Val

tac
Tyr

ctc
Leu
175

tgc
Cys

ctqg
Leu

tct
Ser

gag
Glu

ctc
Leu

80

tca
Ser

ctc
Leu

agg
Arqg

aaqg
Lys

agc
Ser
160

tct
Ser

taatatctgg

Met
1

aagqg
Lys

gat
Asp

cct
Pro

gag
Glu
65

cat

His

tct
Ser

tac

gtg
Val

aaa
Lys
145

cct
Pro

tta
Leu

57

105

153

201

249

297

345

393

441

489

537

585

631

tccaacatga aaacaattct tattgactca tacaccaggt cacgctttca tgaattctgt 691

catttcaaaqg actctcaccc ctgctataac tatgaccatg ctgataaact gatttatcta 751

tttaaatatt tatttaacta ttcataagat ttaaattatt tttgttcata taacgtcatg 811



37

—continued

tgcaccttta cactgtggtt agtgtaataa aacatgttcc ttatatttac tc

<210>
<211>
<212>
<213>

<400>

SEQUENCE :

Met Ala Ser Pro

1

Lys

Asp

Pro

Glu

65

His

Ser

Val
Lys
145

Pro

Leu

Ser

Asn

Ser

50

Phe

Glu

Ala

Gln

Gly
130

Ser

Ser

Arg

35

Ser

Asp

Leu

Ala

Gln

115

Glu

Phe

Ala

Thr

Cys

20

Arqg

Cys

Gly

Tle

Trp

100

Leu

Thr

Arqg

Trp

Asn
180

SEQ ID NO B8
LENGTH:
TYPE :

ORGANISM: Homo saplens

189
PRT

8

Phe
5

Ser

Thr

Leu

Asn

Gln

85

Asp

Asn

Pro

Glu
165

Leu

Ala

Leu

Leu

Met

Gln

70

Gln

Glu

Asp

Leu

Tle

150

val

Gln

Leu

Gly

Met

Asp

55

Phe

Tle

Leu

Met

135

Thr

val

Glu

Leu

Leu

40

Arg

Gln

Phe

Leu

Glu

120

Asn

Leu

Arg

Met
Asp
25

Leu

His

Asn
Leu
105

Ala

val

Ala

Leu
185

val
10

Leu

Ala

Asp

Ala

Leu

90

Asp

Asp

Leu

Glu
170

Leu

Pro

Gln

Phe

Pro

75

Phe

Val

Ser

Thr

155

Tle

Arqg

val

Glu

Met

Gly

60

Ala

Thr

Phe

Met

Ile

140

Glu

Met

val

Thr

Ser

45

Phe

Tle

Thr

Gln
125

Leu

Arg

Glu

Leu

His

30

Arg

Pro

Ser

Thr
110
Glu

Ala

Ser

Ser
15

Ser

Tle

Gln

val

Asp

95

Glu

Glu

val

Leu
175

US 6,482,613 Bl

Cys

Leu

Ser

Glu

Leu

80

Ser

Leu

Arg

Ser
160

Ser

863

33

<210>
<211>
<212>
<213>
<220>
<221>

SEQ ID NO 9

LENGTH: 876

TYPE: DNA

ORGANISM: Homo sapilens
FEATURE:

NAME/KEY: CDS

<222>

LOCATION:

<400> SEQUENCE:

ctqg
Leu
1

ag9g
Arg

tac

tgg
Trp

gat
Asp

ttg

cCct
Pro

gcc
Ala

ctg
Leu

caa
Gln
50

gca
Ala
65

gga

ctg
Leu

ttc
Phe

aaqg
Lys
35

cca
Pro

gca
Ala

ggc
Gly

ata
Tle
20

gac
Asp

ctt
Leu

gac
Asp

gac

(1)...(510)

9
tgt
Cys
5
ctc

Leu

aga
Arg

cca
Pro

ctt
Leu

cct

gat
Asp

ctg
Leu

cat
His

gaa
Glu

caa
Gln

ttt

ctg
Leu

aca
Thr

gac
Asp

ggt
Gly

55
cct
Pro

70

aga

cct
Pro

caa
Gln

ttt
Phe
40

tca
Ser

ctt
Leu

caa

cag
Gln

atg
Met
25

gat
Asp

agc
Ser

cag
Gln

atc

gcc
Ala
10

agg
Arg

ttt
Phe

tat

cac
His

cta

cac
His

aga
Arqg

cca
Pro

ctt
Leu

adaa

cac

agc
Ser

atc
Tle

tca
Ser

cct
Pro
60

gga
Gly

75

gtg
val

tct
Ser

tcCca
Ser
45

ttt
Phe

ctc
Leu

act

ggt
Gly

cct

Pro
30

ggt
Gly

cca
Pro

atc
Tle

tta

aac

Asn
15

ttt
Phe

gtt

val

tga

tga

cca

agg
Arg

tct
Ser

tca
Ser

gat
Asp

tac

gca

48

96

144

192

240

288



Leu

gct
Ala

gac
Asp

tca
Ser

ctg
Leu

gaa
Glu
155

Gly
80

gaa
Glu

tcc
Ser

aaqg
Lys
125

gga
Gly

140

ctt
Leu

tga

cCct
Pro

110

aat
Asn

ggc
Gly

gca
Ala

Asp

cct
Pro

95

gag
Glu

cac
His

tgt
Cys

gga
Gly

Pro

g9a
Gly

gaa
Glu

tct
Ser

cag
Gln

aaqg
Lys

Phe

agc
Ser

tgt
Cys

tta
Leu

agc
Ser

att
Ile
160

39

Arg

ctg
Leu

gga
Gly

tct
Ser
130

aga
Arg
145

aaqg
Lys

Gln
85

tgt
Cys

ctc
Leu

115

gac
Asp

aat
Asn

gag
Glu

Tle

gat
Asp
100

cat
His

adad

cat
His

gaa
Glu

Leu

gta
Val

cCct
Pro

gaa
Glu

gag
Glu

gga
Gly

His

gaa
Glu

ggc
Gly

gaa
Glu

atc
Tle

—continued

*

ggt
Gly

tgt
Cys

gta
Val
135

ctt
Leu
150

Thr

tgg
Trp

gag
Glu
120

tag

ctc
Leu

Leu
90

agt
Ser
105

aaa
Lys

ccc
Pro

ttt
Phe

Pro

gga
Gly

ata
Tle

ttg
Leu

atg
Met

US 6,482,613 Bl

Ala

aga
Arg

ctt
Leu

ttc
Phe

aac
Asn

atgaaaactg gttcaacatg

336

384

432

480

530

40

gaaatgagaa acatttccat gattaataca tcatctcaca 590

cattcatgaa ttctgccatt

tgtcattttt gctatatcca tgacatgagt tgaatcaaaa ttttaaaatg ttttcaggaa 650

tgttaagcag catcatgttc agctgtacag gcactagttc cttacggatg atcatgctga 710

tggatctgtt tatctatttg tctaaataat tatttaacta tttataatat ttaaaatctt 770

cttttcatgt atcatgtatt tttactttgt ggttaatata acaacacatg ttctttatat 830

ttagtcaata tattactttg cttttttcat taaattttta ctatgg 876

<210> SEQ ID NO 10

<211> LENGTH: 62

<212> TYPE: PRT

<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 10

Leu Pro Leu Gly Cys Asp Leu Pro Gln Ala His Ser Val Gly Asn Arg
1 5 10 15

Arg Ala Phe Ile Leu Leu

20

Tyr Leu Lys Asp Arg His

35

Trp Gln Pro Leu Pro Glu

<210>
<211>
<212>
<213>
<220>
<221>
<222>

50

SEQ ID NO 11
LENGTH:
TYPE:
ORGANISM: Homo saplens
FEATURE:

NAME/KEY: CDS
LOCATION:

985
DNA

Thr

Asp

Gly
55

(9)...(575)

Gln

Phe
40

Ser

Met Arg
25

Asp Phe Pro

Ser Tyr Leu

Ile

Ser

Pro
60

Ser

Ser
45

Phe

Pro
30

Phe Ser

Gly Val Ser

Pro

<400> SEQUENCE: 11

acatccca atg gcc ctg tcec ttt tcect tta ctg atg gcc gtg ctg gtg ctc 50
Met Ala Leu Ser Phe Ser Leu Leu Met Ala Val Leu Val Leu

1 5 10

agc
Ser
15

agc
Ser

atc

tac
Tyr

ctg
Leu

toct

ggt
Gly

cCct

tcc
Ser

aat
Asn

ttc

atc
Tle

ag99
Arg

35

toc

tgt
Cys
20

agg
Arg

tgc

tct
Ser

gcc
Ala

ctg

ctqg
Leu

ttg
Leu

aaqg

ggc
Gly

ata
Tle

gac

tgt
Cys

ctc
Leu
40

aga

gat
Asp
25

ctg
Leu

cat

ctg
Leu

gca
Ala

gac

cct
Pro

caa
Gln

ttt

cag
Gln

atg
Met

gga

acc
Thr

gga
Gly

45

ttc

cac
His
30

aga
Arg

cccC

98

146

194



Tle

caa
Gln

gtc
Val

gac
Asp
95

gaa
Glu

gtt
Val

gtg
val

tac
Tyr

ttc
Phe
175

Ser

gag
Glu

ctc
Leu

80

tca
Ser

ctt
Leu

999
Gly

aaqg
Lys

agc
Ser
160

tct
Ser

Pro

gag
Glu
65

cat
His

tct
Ser

aac
Asn

gtg
Val

aaa
Lys
145

cct
Pro

tta
Leu

Phe
50

ttt
Phe

gag
Glu

gct
Ala

cag
Gln

gaa
Glu
130

tac

tgt
Cys

tca
Ser

Ser

gat
Asp

atg
Met

act
Thr

cag
Gln
115

gag
Glu

ttc
Phe

gct
Ala

aaa
Lys

ggc
Gly

atc
Tle

tgg
Trp

100

ctg
Leu

act
Thr

caa
Gln

tgg
Trp

att
Tle
180

41

Leu

aac
Asn

cag
Gln
85

gaa
Glu

aat
Asn

ccc
Pro

aga
Arg

gag
Glu
165

ttt
Phe

cag
Gln
70

cag
Gln

cag
Gln

gac
Asp

ctg
Leu

atc
Tle
150

gtt
Val

caa
Gln

Asp
55

ttc
Phe

acc
Thr

agc
Ser

atg
Met

atg
Met
135

act
Thr

gtc
Val

gaa
Glu

caqg
Gln

ttc
Phe

ctc
Leu

gaa
Glu
120

aat
Asn

ctt
Leu

aga
Arg

aga
Arg

His

aaqg
Lys

aat
Asn

cta
Leu

105

gcc
Ala

gtg
Val

tat

gca
Ala

tta
Leu
185

—continued

Asp

gct
Ala

ctc
Leu

90

gaa
Glu

tgc
Cvys

gac
Asp

ctg
Leu

gaa
Glu
170

agg
Arg

Phe Gly Phe

caa
Gln
75

ttc
Phe

aaa

gtg
val

tcoc
Ser

aca
Thr
155

atc
Tle

agg
Arg

60

gcc
Ala

agc
Ser

ttt
Phe

ata
Tle

atc
Ile
140

gag
Glu

atg
Met

aaqg
Lys

atc
Tle

aca
Thr

tcc
Ser

cag
Gln
125

ttg

Leu

aaqg
Lys

aga
Arg

gaa
Glu

US 6,482,613 Bl

Pro

tct
Ser

aag
Lys

act
Thr
110

gag
Glu

gct
Ala

aaa
Lys

tcc
Ser

2472

290

338

386

434

482

530

575

42

tgaaaccgtt tcaacatgga aatgatctgt attgactaat acaccagtcc acacttctat 635

gacttctgcc atttcaaaga ctcatttctc ctataaccac cgcatgagtt gaatcaaaat 695

tttcagatct tttcaggagt gtaaggaaac atcatgttta cctgtgcagg cactagtcct 755

ttacagatga ccatgctgat agatctaatt atctatctat tgaaatattt atttatttat 815

tagatttaaa ttatttttgt ccatgtaata ttatgtgtac ttttacattg tgttatatca 875

aaatatgtta atctaatatt tagtcaatat attattttct ttttattaat ttttactatt 935

aaaacttctt atattatttg gttattcttt aataaagaaa ttccaagccc 985

<210>
<211>
<212>
<213>

SEQ ID NO 12
LENGTH: 189
TYPE: PRT

ORGANISM: Homo saplens

<400>

SEQUENCE :

Met Ala Leu Ser

1

Lys

Gly

Pro

Glu

65

His

Ser

Asn

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Tle

Arg

35

Ser

Asp

Met

Thr

Gln

Cys
20

Arqg

Gly

Tle

Trp

100

Leu

12

Phe
5

Ser

Ala

Leu

Asn

Gln

85

Glu

Asn

Ser

Leu

Leu

Gln
70
Gln

Gln

Asp

Leu

Gly

Tle

Asp

55

Phe

Thr

Ser

Met

Leu

Leu

40

Arg

Gln

Phe

Leu

Glu

Met
Asp
25

Leu

His

Asn

Leu
105

Ala

Ala
10

Leu

Ala

Asp

Ala

Leu

90

Glu

Val

Pro

Gln

Phe

Gln

75

Phe

Val

Leu

Gln

Met

Gly

60

Ala

Ser

Phe

Tle

val

Thr

Gly

45

Phe

Tle

Thr

Ser

Gln

Leu

His

30

Arg

Pro

Ser

Thr
110

Glu

Ser

15

Ser

Tle

Gln

val

Asp

95

Glu

val

Tyr

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly



Val
Lys
145

Pro

Leu

<210>
<211>
<212>
<213>
<220>
<221>
<222>

Glu
130

Ser

115

Glu

Phe

Ala

43

120

Thr Pro Leu Met Asn

135

Gln Arg Ile Thr Leu

150

Trp Glu Val Val Arg

165

Ile Phe Gln Glu Arg

180

<400> SEQUENCE:

cat
His

aat
Asn

cta
Leu

gcc
Ala
65

gtg
val

tat

gca
Ala

tta
Leu

gac
Asp

gct
Ala

ctc
Leu

gac
Asp
50

tgt
Cys

gac
Asp

ctqg
Leu

gaa
Glu

agg
Arg

130

ttt
Phe

caa
Gln

ttc
Phe
35

adaa

atg
Met

tct
Ser

aca
Thr

atc
Tle
115

agg
Arg

tacaccattt

gacttgagtt

ctgcacaggqg

catcattgtc

gtttagtttt

ctttttatta

gga
Gly

gcc
Ala
20

agc
Ser

ttc
Phe

atg
Met

atc
Tle

gag
Glu
100

atg
Met

aaqg
Lys

SEQ ID NO 13
LENGTH:
TYPE:
ORGANISM: Homo saplens
FEATURE:
NAME/KEY: CDS
LOCATION:

760
DNA

(1)...(399)

13

ttt
Phe
5

atc
Tle

aca
Thr

tac
Tyr

cag
Gln

ctg
Leu
85

aaqg
Lys

aga
Arg

gaa
Glu

cacacttctt
gaatcaaaat
actagtcttt
gttttactac

agtttgtggt

<210> SEQ ID NO 14

<211> LENGTH:

<212> TYPE:

133
PRT
<213> ORGANISM: Homo saplens

cct
Pro

tct
Ser

aaqg

act
Thr

gagd
Glu
70

act
Thr

aaasa

tcc
Ser

cag
Gln

gtc
Val

gac
Asp

gaa
Glu
55

gtt
Val

gtg
vVal

tac

ttc
Phe

gag
Glu

ctc
Leu

tca

Ser
40

ctt
Leu

gga
Gly

aga
Arg

agc
Ser

tct
Ser
120

val

Ala

Leu
185

gag
Glu

cat
His
25

tct
Ser

tac

gtg
vVal

aaada

cct

Pro
105

tta
Leu

Asp

Leu

Glu
170

Arg

ttt
Phe
10

gag
Glu

gct
Ala

cag
Gln

gaa
Glu

tac
Tyr
90

tgt

Cys

tca
Ser

Ser

Thr
155

Tle

Arqg

gat
Asp

atg
Met

act
Thr

cag
Gln

gac
Asp
75

ttt
Phe

gca
Ala

gca
Ala

—continued

Tle
140

Glu

Met

ggc
Gly

atc
Tle

tgg
Trp

ctg
Leu
60

act
Thr

caa
Gln

tgg
Trp

aac
Asn

125

Leu

Lys

Arg

Glu

aac
Asn

cag
Gln

gat
Asp
45

aat
Asn

cct
Pro

aga
Arg

gag
Glu

ttg
Leu
125

Ala

Lys

Ser

cag
Gln

cag
Gln
30

gag
Glu

gac
Asp

ctg
Leu

atc
Tle

gtt
vVal
110

caa
Gln

val

Tyr

Phe
175

ttc
Phe
15

acc
Thr

aca
Thr

ctg
Leu

atg
Met

acc
Thr
95

gtc
Val

gaa
Glu

US 6,482,613 Bl

Ser
160

Ser

cag
Gln

ttc
Phe

ctt
Leu

gaa
Glu

aat

Asn
80

ctc
Leu

aga
Arg

aga
Arg

tgaaaactgg ttcaacatcg aaatgattct cattgactag

aattagtttg t

gagttctgcc
tttcaaacgt
tacagatgat

tattaatatt

taatataaca

gtttcaaata

tttcacacgt

catgctgaca

tatattatta

aaatatgttt

ttaatttctg

gttaagcaac

tctattettce

ttgtttcatg

tgtggtcata

ctatatccat
acttctttag
tatttatcgt
ttatttttat

tattaatttg

48

96

144

192

240

288

336

384

439

499

559

619

679

739

760

44



<400> SEQUENCE:

Asn

Leu

Ala

65

val

Ala

Leu

Asp

Ala

Leu

Asp

50

Asp

Leu

Glu

Arg
130

Phe Gly

Gln

Phe

35

Met

Ser

Thr

Tle

115

Arg

Ala
20

Ser

Phe

Met

Tle

Glu

100

Met

14

Phe

5

ITle

Thr

Tyr

Gln

Leu

85

Lys

Arg

Glu

Pro

Ser

Lys

Thr

Glu

70

Thr

Ser

45

Gln
Val
Asp
Glu
55

val

val

Phe

Glu

Leu

Ser

40

Leu

Gly

Arg

Ser

Ser
120

Glu

His
25

Ser

Pro
105

Leu

Phe

10

Glu

Ala

Gln

Glu

Tyr

90

Ser

Asp

Met

Thr

Gln

Asp

75

Phe

Ala

Ala

—continued

Gly

Ile

Trp

Leu

60

Thr

Gln

Trp

Asn

Asn

Gln

Asp

45

Asn

Pro

Arg

Glu

Leu
125

Gln

Gln

30

Glu

Asp

Leu

Tle

Val

110

Gln

Phe

15

Thr

Thr

Leu

Met

Thr

95

Val

Glu

US 6,482,613 Bl

Gln

Phe

Leu

Glu

Asn

80

Leu

Arg

Arg

46

<210>
<211>
<212>
<213>
<220>
<221>
<222>

SEQ ID NO 15

LENGTH: 985

TYPE: DNA

ORGANISM: Homo saplens
FEATURE:

NAME/KEY: CDS
LOCATION: (57)...(623)

<400> SEQUENCE: 15

ccaaggttca gtgttacccc tcatcaacca gcccagcagce atcttcggga ttccca atg 59
Met

1

gca
Ala

tca
Ser

aac
Asn

ttc
Phe
50

ttt
Phe

gag
Glu

gct
Ala

cag
Gln

gaa
Glu
130

ttg
Leu

agc
Ser

agg
Arg

35

toc
Ser

gat
Asp

atg
Met

gct
Ala

caa
Gln
115

gag
Glu

cocc
Pro

tgc
Cys
20

agg
Arqg

tgc
Cys

ggc
Gly

atg
Met

tgg
Trp

100

atg
Met

act
Thr

ttt
Phe

tct
Ser

act
Thr

ctg
Leu

aac
Asn

cag
Gln
85

gat
Asp

aat
Asn

coc
Pro

gct
Ala

ctg
Leu

ttg
Leu

aaqg

cag
Gln
70

cag
Gln

gag
Glu

gac
Asp

ctg
Leu

tta
Leu

ggc
Gly

atg
Met

gac
Asp
55

ttc
Phe

acc
Thr

acc
Thr

ctg
Leu

atg
Met
135

atg
Met

tgt

ctc

Leu
40

aga
Arg

cag
Gln

ttc
Phe

ctc
Leu

gaa
Glu
120

aat
Asn

atg
Met

aat

Asn
25

atg
Met

cat
His

adaa

aat
Asn

cta
Leu

105

gcc
Ala

gag
Glu

gcc
Ala
10

ctg
Leu

gca
Ala

gac
Asp

gct
Ala

ctc

Leu
90

gaa
Glu

tgt
Cys

gac
Asp

cta
Leu

tct
Ser

caa
Gln

ttt
Phe

caa
Gln
75

ttc
Phe

aaa

gtg
val

tcc
Ser

gtg
vVal

caa
Gln

atg
Met

gaa
Glu
60

gcc
Ala

agc
Ser

ttc
Phe

ata
Tle

atc
Tle
140

gtg
val

acc
Thr

ag9g
Arqg

45
ttt
Phe

atc
Tle

aca
Thr

tac

cag
Gln
125

ctg
Leu

ctc
Leu

cac
His
30

aga
Arg

cCcc
Pro

tct
Ser

aaqg

att
Tle
110

gag
Glu

gct
Ala

agc
Ser
15

agc
Ser

atc
Ile

cag
Gln

gtc
Val

aac

Asn
95

gaa
Glu

gtt
Val

gtg
Val

tgc
Cys

ctg
Leu

tct
Ser

gag
Glu

ctc

Leu
80

tca
Ser

ctt
Leu

999
Gly

aaqg
Lys

aaqg
Lys

aat
Asn

cCct
Pro

gaa
Glu
65

cat
His

tct
Ser

ttc
Phe

gtg
val

aaa
Lys
145

107

155

203

251

299

347

395

443

491



tac

tgt
Cys

tca
Ser

ttc
Phe

gccC
Ala

aca
Thr

caa
Gln

tgg
Trp

aac
Asn
180

aga
Arg

gag
Glu
165

ttg
Leu

atc
Tle
150

gtt
Val

caa
Gln

act
Thr

gtc
Val

aaa
Lys

47

ctt
Leu

aga
Arg

aga
Arg

tat

gca
Ala

tta
Leu
185

ctg
Leu

gaa
Glu
170

agg
Arg

atg
Met
155

atc
Tle

agg
Arg

gag
Glu

atg
Met

aag
Lys

—continued

aaqg
Lys

aga
Arg

gat
Asp

aaa

tcc
Ser

tac
Tyr

ttc
Phe
175

agc
Ser
160

tct
Ser

tgaaaactgg

US 6,482,613 Bl

cct
Pro

ttt
Phe

539

587

633

43

ttcatcatgg aaatgattct cattgactaa tacatcatct cacactttca tgttcttcca 693

tttcaaagac tcacttctat aaccaccaca agttgaatca aaatttccaa atgttttcag 753

gagtgttaag aagcatcgtg tttacctgtg caggcactag tcctttacag atgaccattc 813

tgatgtctcec tttcatctat ttatttaaat atttatttat ttaactattt ttattattta 873

aattattttt tatgtaatat catgagtacc tttacattgt ggttaatgta acaaatatgt 933

tcttcatatt tagccaatat attaatttcc tttttcatta aatttttact at 985

<210>
<211>
<212>
<213>

SEQ ID NO 16

LENGTH: 189

TYPE: PRT

ORGANISM: Homo sapilens

<400>

SEQUENCE :

Met Ala Leu Pro

1

Lys

Asn

Pro

Glu

65

His

Ser

Phe

val

Lys

145

Pro

Phe

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu
130

Ser

Ser

Arg

35

Ser

Asp

Met

Ala

Gln

115

Glu

Phe

Ala

Thr

Cys
20

Arqg

Gly

Met

Trp

100

Met

Thr

Gln

Trp

Asn
180

16

Phe
5

Ser

Thr

Leu

Asn

Gln

85

Asp

Asn

Pro

Glu
165

Leu

Ala

Leu

Leu

Gln
70

Gln

Glu

Leu

Tle
150

val

Gln

Leu

Gly

Met

Asp

55

Phe

Thr

Thr

Leu

Met

135

Thr

val

Met

Gln

Phe

Leu

Glu

120

Asn

Leu

Arg

Arg

Met

Asn

25

Met

His

Asn

Leu

105

Ala

Glu

Ala

Leu
185

Ala
10

Leu

Ala

Asp

Ala

Leu

90

Glu

Asp

Leu

Glu
170

Leu

Ser

Gln

Phe

Gln

75

Phe

Val

Ser

Met

155

Tle

Arqg

val

Gln

Met

Glu

60

Ala

Ser

Phe

Tle

Ile

140

Glu

Met

val

Thr

Arg

45

Phe

Tle

Thr

Gln
125

Leu

Arg

Asp

Leu

His

30

Arg

Pro

Ser

Tle
110
Glu

Ala

Ser

Ser

15

Ser

Tle

Gln

val

Asn

95

Glu

val

val

Phe
175

Cys

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Ser
160

Ser

<210>
<211>
<212>
<213>

SEQ ID NO 17

LENGTH: 188

TYPE: PRT

ORGANISM: Homo sapilens
<400> SEQUENCE: 17

Met Ala Leu Thr Phe Ala Leu Leu Val Ala Leu Leu Val Leu Ser Cys
1 5 10 15



Gly

Leu

Glu

65

Glu

Ala

Gln

Thr

Tyr

145

Ser

Ser

Ser

Phe

50

Phe

Met

Ala

Gln

Glu

130

Phe

Ala

Thr

Ser
Arg
35

Ser

Gly

Ile

Trp

Leu

115

Thr

Gln

Trp

Asn

Cys
20

Arqg

Asn

Gln

Asp

100

Asn

Pro

Glu

Leu
180

Ser

Thr

Leu

Gln

Gln

85

Glu

Asp

Leu

Tle

val

165

Gln

val

Leu

Phe

70

Tle

Thr

Leu

Met

Thr

150

val

Glu

49

Gly
Met
Asp
55

Gln
Phe
Leu
Glu
Lys

135

Leu

Ser

Leu
40

Arg

Asn

Leu

Ala

120

Glu

Ala

Leu

Asp

25

Leu

His

Ala

Leu

Asp

105

Asp

Leu

Glu

Arqg
185

Leu

Ala

Asp

Glu

Phe

90

val

Ser

Tle
170

Ser

Pro

Gln

Phe

Thr

75

Ser

Phe

Tle

Ile

Glu

155

Met

Lys

—continued

Gln
Met
Gly
60

Tle

Thr

Gln

Leu
140

Glu

Thr
Arg
45

Phe

Pro

Thr
Gly
125

Ala

Ser

His

30

Lys

Pro

Val

Asp

Glu

110

Val

Val

Phe

Ser

Tle

Gln

Leu

Ser

95

Leu

Gly

Arqg

Ser

Ser
175

US 6,482,613 Bl

Leu

Ser

Glu

His

80

Ser

Tyr

Val

Pro
160

Leu

50

<210>
<211>
<212>
<213>

SEQ ID NO 18

LENGTH: 189

TYPE: PRT

ORGANISM: Homo sapilens

<400>

SEQUENCE :

Met Ala Leu Thr

1

Lys

Gly

Pro

Glu

65

His

Ser

Asp

val

Lys

145

Ser

Leu

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Ile
130

Ser

Phe

Arg

35

Ser

Asp

Met

Ala

Gln

115

Glu

Phe

Ala

Tle

Ser
20

Arqg

Asp

Ile

Leu

100

Leu

Ser

Gln

Trp

Asn
180

18

Phe
5

Ser

Ala

Leu

Gln
85

Asp

Asn

Pro

Glu
165

Leu

Tyr

Leu

Leu

Gln
70

Gln

Glu

Leu

Tle
150

val

Gln

Leu

Gly

Ile

Asp

55

Phe

Thr

Thr

Leu

Met

135

Thr

val

Met

Leu

40

Arg

Gln

Phe

Leu

Glu

120

Leu

Arg

Val
Asp
25

Leu

His

Asn
Leu
105

val

Glu

Ala

Leu
185

Ala

10

Leu

Ala

Asp

Ala

Leu

90

Asp

Leu

Asp

Leu

Glu
170

Leu

Pro

Gln

Phe

Gln

75

Phe

Glu

Ser

Thr
155

Tle

Ser

val

Gln

Met

Glu

60

Ala

Ser

Phe

Asp

Ile

140

Glu

Met

val

Thr

Arg

45

Phe

Tle

Thr

Gln
125

Leu

Arg

Glu

Leu

His

30

Arg

Pro

Ser

Tle
110
Glu

Ala

Ser

Ser
15

Ser

Ile

Gln

val

Asp

95

Glu

val

Val

Phe
175

Tyr

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Arg

Ser

160

Ser



<210>
<211>
<212>
<213>

<400>

SEQUENCE :

Met Ala Leu Ser

1

Lys

Gly

Pro

Glu

65

His

Ser

val

Lys
145

Pro

Phe

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu
130

Ser

Tle

35

Ser

Asp

Met

Ala

Gln

115

Glu

Phe

Ala

Thr

Cys
20

Gly

Ile

Trp

100

Leu

Thr

Gln

Trp

Asn
180

SEQ ID NO 19
LENGTH:
TYPE :

ORGANISM: Homo saplens

189
PRT

19

Phe
5

Ser

Ala

Leu

Asn

Gln

85

Glu

Asn

Pro

Glu
165

Leu

Ser

Leu

Leu

Gln

70

Gln

Gln

Asp

Leu

Tle

150

val

Gln

51

Leu
Gly
Ile
55

Phe
Thr
Ser
Leu
Met
135

Thr

vVal

Leu

Gln

Phe

Leu

Glu

120

Asn

Leu

Arg

Met
Asp
25

Leu

His

Asn
Leu
105

Ala

Glu

Ala

Leu
185

Ala
10

Leu

Gly

Asp

Ala

Leu

90

Glu

Asp

Leu

Glu
170

vVal

Pro

Gln

Phe

Gln

75

Phe

vVal

Ser

Tle
155

Ile

—continued

Leu

Gln

Met

60

Ala

Ser

Phe

Tle

Ile

140

Glu

Met

val

Thr

Gly

45

Tle

Tle

Thr

Ser

Gln

125

Leu

Arg

Arg

Leu

His

30

Arg

Pro

Ser

Glu

Thr

110

Glu

Ala

Ser

Ser

15

Ser

Tle

Gln

val

Asp

95

Glu

val

Val

Leu
175

US 6,482,613 Bl

Tyr

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Arg

Ser

160

Ser

52

<210>
<211>
<212>
<213>

SEQ ID NO 20

LENGTH: 189

TYPE: PRT

ORGANISM: Homo sapilens

<400> SEQUENCE: 20

Met Ala Ser Pro

1

Lys

Asp

Pro

Glu

65

His

Ser

Ser

Asn

Ser

50

Phe

Glu

Ala

Gln

Gly
130

Ser

Arg

35

Ser

Asp

Leu

Ala

Gln

115

Glu

Phe

Cys
20

Arqg

Gly

Ile

Trp

100

Leu

Thr

Arg

Phe

5

Ser

Thr

Leu

Asn

Gln

85

Asp

Asn

Pro

Ala

Leu

Leu

Met

Gln

70

Gln

Glu

Leu

Tle

Leu

Gly

Met

Asp

55

Phe

Ile

Asp

Leu

Met

135

Thr

Leu

Leu

40

Arg

Gln

Phe

Leu

Glu
120

Asn

Leu

Met
Asp
25

Leu

His

Asn
Leu
105

Ala

val

val

10

Leu

Ala

Asp

Ala

Leu

90

Asp

Asp

Leu

Leu

Pro

Gln

Phe

Pro

75

Phe

Val

Ser

Thr

val

Glu

Met

Gly

60

Ala

Thr

Phe

Met

Tle

140

Glu

val

Thr

Ser

45

Phe

Tle

Thr

Gln
125

Leu

Leu

His

30

Arg

Pro

Ser

Thr
110

Glu

Ala

Ser

15

Ser

Ile

Gln

val

Asp

95

Glu

Glu

val

Cys

Leu

Ser

Glu

Leu

80

Ser

Leu

Arg

Ser



US 6,482,613 Bl
53

—continued

145 150 155 160
Pro Cys Ala Trp Glu Val Val Arg Ala Glu Ile Met Arg Ser Leu Ser

165 170 175

Leu Ser Thr Asn Leu Gln Glu Arg Leu Arg Arg Lys Glu
180 185

<210>
<211>
<212>
<213>

SEQ ID NO 21

LENGTH: 105

TYPE: PRT

ORGANISM: Homo sapilens

<400> SEQUENCE: 21

54

Leu Pro Leu Gly

1

Arg

Gly
Met
65

Trp

Leu

Ala

Leu

Asn

50

Gln

Asp

Asn

Phe

Lys

35

His

Gln

Glu

Asp

Tle

20

Asp

Phe

Thr

Thr

Leu
100

Cvys
5

Leu

Gln

Phe

Leu

85

Glu

Asp

Leu

His

Asn
70

Leu

Ala

Leu

Thr

Asp

val

55

Leu

Asp

Pro

Gln

Phe

40

Gln

Phe

Val

Gln

Met

25

Asp

Ala

Ser

Ser

Met
105

Ala

10

Arg

Phe

Tle

Thr

Tyr
90

His

Arqg

Pro

Phe

Lys

75

Thr

Ser

Tle

His

Leu

60

Asp

Glu

val

Ser

Gln

45

Phe

Ser

Leu

Gly
Pro
30

Val

His

Ser

Asn

15

Phe

Phe

Glu

Asp

Gln
95

Ser

His

Met

Thr

80

Gln

<210>
<211>
<212>
<213>

SEQ ID NO 22
LENGTH: 189
TYPE: PRT

ORGANISM: Homo saplens

<400>

Met Ala Leu Ser

1

Lys

Gly

Pro

Glu

65

His

Ser

Asn

val

Lys

145

Pro

Leu

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu
130

Ser

Ile

Arg

35

Ser

Asp

Met

Thr

Gln

115

Glu

Phe

Ala

Cys
20

Arqg

Gly

Tle

Trp

100

Leu

Thr

Gln

Trp

Tle

SEQUENCE: 22

Phe
5

Ser

Ala

Leu

Asn

Gln

85

Glu

Asn

Pro

Glu
165

Phe

Ser

Leu

Leu

Gln

70

Gln

Gln

Asp

Leu

Tle

150

val

Gln

Leu

Gly

Tle

Asp

55

Phe

Thr

Ser

Met

Met

135

Thr

val

Glu

Leu

Leu

40

Arg

Gln

Phe

Leu

Glu

120

Asn

Leu

Arg

Met
Asp
25

Leu

His

Asn
Leu
105

Ala

val

Ala

Leu

Ala
10

Leu

Ala

Asp

Ala

Leu

90

Glu

Asp

Leu

Glu
170

Arg

vVal

Pro

Gln

Phe

Gln

75

Phe

Val

Ser

Thr

155

Tle

Arqg

Leu

Gln

Met

Gly

60

Ala

Ser

Phe

Ile

Tle

140

Glu

Met

val

Thr

Gly

45

Phe

Ile

Thr

Ser

Gln

125

Leu

Glu

Leu

His

30

Arg

Pro

Ser

Thr
110
Glu

Ala

Ser

Ser

15

Ser

Tle

Gln

val

Asp

95

Glu

Val

val

Phe
175

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Ser
160

Ser



US 6,482,613 B1
3

—continued

180 185

<210>
<211>
<212>
<213>

SEQ ID NO 23

LENGTH: 133

TYPE: PRT

ORGANISM: Homo saplens

<400> SEQUENCE: 23

His Asp Phe Gly

1

Lys

Asn

Leu

Ala

65

val

Ala

Leu

Ala

Leu

Asp

50

Asp

Leu

Glu

Arg
130

Gln

Phe

35

Met

Ser

Thr

Ile
115

Ala
20

Ser

Phe

Met

Tle

Glu

100

Met

Phe

5

Tle

Thr

Tyr

Gln

Leu

85

Lys

Arg

Glu

Pro

Ser

Lys

Thr

Glu

70

Thr

Lys

Ser

Gln

val

Glu
55
val

val

Phe

Glu

Leu

Ser

40

Leu

Gly

Ser

Ser
120

Glu

His
25

Ser

Pro
105

Leu

Phe

10

Glu

Ala

Gln

Glu

Tyr

90

Ser

Asp

Met

Thr

Gln

Asp

75

Phe

Ala

Ala

Gly

Tle

Trp

Leu

60

Thr

Gln

Trp

Asn

Asn

Gln

45

Asn

Pro

Glu

Leu
125

Gln

Gln

30

Glu

Asp

Leu

Tle

vVal

110

Gln

Phe

15

Thr

Thr

Leu

Met

Thr

95

val

Glu

Gln

Phe

Leu

Glu

Asn

80

Leu

Arg

Arg

<210>
<211>
<212>
<213>

SEQ ID NO 24
LENGTH: 189
TYPE: PRT

ORGANISM: Homo saplens

<400>

Met Ala Leu Pro

1

Lys

Asn

Pro

Glu

65

His

Ser

Phe

val

Lys

145

Pro

Phe

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu
130

Ser

Ser

Arg

35

Ser

Asp

Met

Ala

Gln

115

Glu

Phe

Ala

Thr

Cys
20

Arqg

Gly

Met

Trp

100

Met

Thr

Gln

Trp

Asn

SEQUENCE: 24

Phe
5

Ser

Thr

Leu

Asn

Gln

85

Asp

Asn

Pro

Glu
165

Leu

Ser

Leu

Leu

Gln

70

Gln

Glu

Asp

Leu

Tle

150

val

Gln

Leu

Gly

Met

Asp

55

Phe

Thr

Thr

Leu

Met

135

Thr

val

Met

Leu

40

Arg

Gln

Phe

Leu

Glu

120

Asn

Leu

Arg

Met

Asn

25

Met

His

Asn

Leu

105

Ala

Glu

Ala

Leu

Ala
10

Leu

Ala

Asp

Ala

Leu

90

Glu

Asp

Leu

Glu
170

Arg

Leu

Ser

Gln

Phe

Gln

75

Phe

Val

Ser

Met

155

Tle

Arqg

val

Gln

Met

Glu

60

Ala

Ser

Phe

Ile

Tle

140

Glu

Met

val

Thr

Arg

45

Phe

Ile

Thr

Gln
125

Leu

Asp

Leu

His

30

Arg

Pro

Ser

Tle
110
Glu

Ala

Ser

Ser

15

Ser

Tle

Gln

val

Asn

95

Glu

Val

val

Tyr

Phe
175

Cys

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Arg

Ser

160

Ser



180

S7

185

—continued

US 6,482,613 Bl

53

<210> SEQ ID NO 25
<211> LENGTH: 1107
<212> TYPE: DNA
<213> ORGANISM: Homo sapilens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1lll)...(674)
<400> SEQUENCE: 25
gtatgttccc tatttaaggc taggcacaaa gcaaggtctt cagagaacct ggagcctaaqg 60
gtttaggctc acccatttca accagtctag cagcatctgc aacatctaca atg gcc 116
Met Ala
1
ttg acc ttt gct tta ctg gtg gcc ctec ctg gtg ctc age tgc aag tca 164
Leu Thr Phe Ala Leu Leu Val Ala Leu Leu Val Leu Ser Cys Lys Ser
5 10 15
agc tgc tct gtg gge tgt gat ctg cct caa acc cac agc ctg ggt agc 212
Ser Cys Ser Val Gly Cys Asp Leu Pro Gln Thr His Ser Leu Gly Ser
20 25 30
agqg aggqg acc ttg atg ctc ctg gca cag atg agg aga atc tct ctt ttc 260
Arg Arg Thr Leu Met Leu Leu Ala Gln Met Arg Arg Ile Ser Leu Phe
35 40 45 50
tcc tgce ttg aag gac aga cat gac ttt gga ttt ccc cag gag gag ttt 308
Ser Cys Leu Lys Asp Arg His Asp Phe Gly Phe Pro Gln Glu Glu Phe
55 60 65
ggc aac cag ttc caa aag gct gaa acc atc cct gtc ctc cat gag atg 356
Gly Asn Gln Phe Gln Lys Ala Glu Thr Ile Pro Val Leu His Glu Met
70 75 80
atc cag cag atc ttc aat ctc ttc agc aca aag gac tca tct gct gcect 404
Ile Gln Gln Ile Phe Asn Leu Phe Ser Thr Lys Asp Ser Ser Ala Ala
85 90 95
tgg gat gag acc ctc cta gac aaa ttc tac act gaa ctc tac cag cag 452
Trp Asp Glu Thr Leu Leu Asp Lys Phe Tyr Thr Glu Leu Tyr Gln Gln
100 105 110
ctg aat gac ctg gaa gcc tgt gtg ata cag ggg gtg ggg gtg aca gag 500
Leu Asn Asp Leu Glu Ala Cys Val Ile Gln Gly Val Gly Val Thr Glu
115 120 125 130
act ccc ctg atg aag gag gac tcc att ctg gct gtg agg aaa tac ttc 548
Thr Pro Leu Met Lys Glu Asp Ser Ile Leu Ala Val Arg Lys Tyr Phe
135 140 145
caa aga atc act ctc tat ctg aaa gag aag aaa tac agc cct tgt gcc 596
Gln Arg Ile Thr Leu Tyr Leu Lys Glu Lys Lys Tyr Ser Pro Cys Ala
150 155 160
tgg gag gtt gtc aga gca gaa atc atg aga tct ttt tct ttg tca aca 644
Trp Glu Val Val Arg Ala Glu Ile Met Arg Ser Phe Ser Leu Ser Thr
165 170 175
aac ttg caa gaa agt tta aga agt aag gaa tgaaaactgg ttcaacatgg 694
Asn Leu Gln Glu Ser Leu Arg Ser Lys Glu
180 185
aaatgatttt cattgattcqg tatgccagct caccttttta tgatctgcca tttcaaagac 754
tcatgtttct gctatgacca tgacacgatt taaatctttt caaatgtttt taggagtatt 814
aatcaacatt gtattcagct cttaaggcac tagtccctta cagaggacca tgctgactga 874
tccattatct atttaaatat ttttaaaata ttatttattt aactatttat aaaacaactt 934
atttttgttc atattatgtc atgtgcacct ttgcacaqgtg gttaatgtaa taaaatgtgt 994
tctttgtatt tggtaaattt attttgtgtt gttcattgaa cttttgctat ggaacttttg 1054



59

—continued

tacttgttta ttctttaaaa tgaaattcca agcctaattg tgcaacctga tta

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 26

LENGTH: 188

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 26

Met Ala Leu Thr

1

Lys

Gly

Leu

Glu

65

Glu

Ala

Gln

Thr

Tyr

145

Ser

<210>
<211>
<212>
<213>
<220>
<221>
<222>

Ser

Ser

Phe

50

Phe

Met

Ala

Gln

Glu

130

Phe

Ala

Thr

Ser

Arg

35

Ser

Gly

Tle

Trp

Leu

115

Thr

Gln

Trp

Asn

Cys
20

Asn

Gln

Asp

100

Asn

Pro

Arqg

Glu

Leu
180

<400> SEQUENCE:

Phe
5

Ser

Thr

Leu

Gln

Gln

85

Glu

Asp

Leu

Ile

val

165

Gln

SEQ ID NO 27
LENGTH:
TYPE :
ORGANISM: Homo saplens
FEATURE:
NAME/KEY: CDS
LOCATION:

1069
DNA

Ala

val

Leu

Phe

70

Tle

Thr

Leu

Met

Thr

150

val

Glu

Leu

Gly

Met

Asp

55

Gln

Phe

Leu

Glu

Lys

135

Leu

Ser

Leu

Leu
40

Arg

Asn

Leu

Ala

120

Glu

Ala

Leu

(111)...(677)

27

val

Asp

25

Leu

His

Ala

Leu

Asp

105

Asp

Leu

Glu

Arg
185

Ala

10

Leu

Ala

Asp

Glu

Phe
90

Val

Ser

Tle
170

Ser

Leu

Pro

Gln

Phe

Thr

75

Ser

Phe

Ile

Tle

Glu

155

Met

gtatgttccc tatttaaggc taggcacaaa gcaaggtctt

gtttaggctc acccatttca accagtctag cagcatctgc

ttg
Leu

agc
Ser

ag9g
Arg

35

tcc
Ser

cCcc
Pro

tgc
Cys
20

agg
Arg

tgc
Cys

ttt
Phe

tct
Ser

act
Thr

ctg
Leu

gct
Ala

ctg
Leu

ttg
Leu

aaqg
Lys

tta
Leu

ggc
Gly

atg
Met

gac
Asp
55

atg
Met

tgt
Cys

ctc

Leu
40

aga
Arg

atg
Met

aat

Asn
25

atg
Met

cat
His

gcc
Ala
10

ctg
Leu

gca
Ala

gac
Asp

ctg
Leu

tct
Ser

caa
Gln

ttt
Phe

gtg
val

caa
Gln

atg
Met

gaa
Glu
60

gtg
vVal

acc
Thr

agg
Arqg

45

ttt
Phe

Leu

Gln

Met

Gly

60

Ile

Thr

Gln

Leu
140

Glu

cagagaacct ggagcctaaqg

val

Thr

45

Phe

Pro

Thr
Gly
125

Ala

Ser

Leu

His

30

Pro

Val

Asp

Glu

110

Val

vVal

Phe

Ser

15

Ser

Tle

Gln

Leu

Ser

95

Leu

Gly

Arqg

Ser

Ser
175

US 6,482,613 Bl

Leu

Ser

Glu

His

80

Ser

Tyr

Val

Pro
160

Leu

aacatctaca atg gca

ctc
Leu

cac
His
30

aga
Arg

ccc
Pro

agc
Ser
15

agc
Ser

atc
Tle

cag
Gln

tgc
Cys

ctg
Leu

tct
Ser

gag
Glu

Met
1

aag
Lys

aat
Asn

cCct
Pro

gaa
Glu
65

Ala

tca
Ser

aac
Asn

ttc
Phe
50

ttt
Phe

1107

60

116

164

212

260

308

60



gat
Asp

atg
Met

gct
Ala

caa
Gln
115

gag
Glu

ttc
Phe

gcc
Ala

aca
Thr

aaatgattct cattgactaa
actcacttct
taaagaagca
tctcctttca
ttttttatgt
catatttagc
tgtttggtat
<210>
<211>
<212>

<213>

<400>

ggc
Gly

atg
Met

tgg
Trp

100

atg
Met

act
Thr

caa
Gln

tgg
Trp

aac
Asn
180

aac
Asn

cag
Gln
85

gat
Asp

aat
Asn

coc
Pro

aga
Arg

gag
Glu
165

ttg
Leu

cag
Gln
70

cag
Gln

gag
Glu

gac
Asp

ctqg
Leu

atc
Tle
150

gtt
Val

caa
Gln

ttc
Phe

acc
Thr

acc
Thr

ctg
Leu

atg
Met
135

act
Thr

gtc
Val

aaa
Lys

cag
Gln

ttc
Phe

ctc
Leu

gaa
Glu
120

aat
Asn

ctt
Leu

aga
Arg

aga
Arg

61

aaa

aat
Asn

cta

Leu
105

gcc
Ala

gag
Glu

tat

gca
Ala

tta
Leu
185

gct
Ala

ctc

Leu
90

gaa
Glu

tgt
Cys

gac
Asp

ctqg
Leu

gaa
Glu
170

agg
Arg

caa
Gln
75

ttc
Phe

aad

gtg
val

tcc
Ser

atg
Met
155

atc
Tle

agg
Arg

gcc
Ala

agc
Ser

ttc
Phe

ata
Tle

atc
Tle
140

gag
Glu

atg
Met

aag
Lys

atc
Tle

aca
Thr

tac

cag
Gln
125

ctg
Leu

aaqg
Lys

aga
Arqg

gat
Asp

tacatcatct cacactttca

cctataacca ccacaagttg aatcaaaatt

tcatgtatac ctgtgcaggc actagtcctt

tctatttatt taaatattta tttatttaac

taatatcatg tgtaccttta cattgtggtt

caatatatta atttcctttt tcattaaatt

tt

SEQ ID NO 28

LENGTH: 18%

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 28

Met Ala Leu Pro

1

Lys

Asn

Pro

Glu

65

His

Ser

Phe

val

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu

Ser

Arg

35

Ser

Asp

Met

Ala

Gln

115

Glu

Cys
20

Arqg
Cys
Gly
Met
Trp
100

Met

Thr

Phe

5

Ser

Thr

Leu

Asn

Gln
85

Asp

Asnh

Pro

Ala

Leu

Leu

Gln

70

Gln

Glu

Asp

Leu

Leu

Gly

Met

Asp

55

Phe

Thr

Thr

Leu

Met

Met

Leu
40

Arg

Gln

Phe

Leu

Glu

120

Asn

Met

Asn

25

Met

His

Asn

Leu

105

Ala

Glu

Ala
10

Leu

Ala

Asp

Ala

Leu

90

Glu

Asp

Leu

Ser

Gln

Phe

Gln

75

Phe

vVal

Ser

—continued

tct
Ser

aaqg
Lys

att
Ile
110

gag
Glu

gct
Ala

aaa

tcc
Ser

tgaaaagtgg ttcatcatgg

gtc
Val

aac

Asn
95

gaa
Glu

gtt
Val

gtg
val

tac
Tyr

ctc
Leu
175

ctc
Leu

80

tca
Ser

ctt
Leu

999
Gly

aaqg
Lys

agc
Ser
160

tct
Ser

tgagttcttc

ttcaaatgtt

tacagatgac

tatttttatt

aatataacaa

tttactatac

val

Gln

Met

Glu

60

Ala

Ser

Phe

Tle

Tle

val

Thr

Arg

45

Phe

Ile

Thr

Gln
125

Leu

Leu

His

30

Arg

Pro

Ser

Tle
110

Glu

Ala

cat
His

tct
Ser

ttc
Phe

gtg
val

aaa
Lys
145

cCct
Pro

ttt
Phe

Ser

15

Ser

Tle

Gln

Val

Asn

95

Glu

val

val

US 6,482,613 Bl

gag
Glu

gct
Ala

cag
Gln

gaa
Glu
130

tac
Tyr

tgt
Cys

tca
Ser

catttcaaag
ttcaggagtg
catgctgatg
atttaaatta
atatgttctt

aaaatttctg

Cys

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

356

404

452

500

548

596

644

697

757

817

877

937

997

1057

1069

62



Lys
145

Pro

Phe

<210>
<211>
<212>
<213>
<220>
<221>
<222>

130

Ser

63

135

Phe Gln Arg Ile Thr Leu Tyr

150

Ala Trp Glu Val Val Arqg Ala

165

Thr Asn Leu Gln Lys Arg Leu

180

<400> SEQUENCE:

SEQ ID NO 29
LENGTH:
TYPE :
ORGANISM: Homo saplens
FEATURE:
NAME/KEY: CDS
LOCATION:

1112
DNA

(113)...(679)

29

185

Leu

Glu
170

Arg

Met
155

Ile

Arqg

gtatgttcct tatttaagac ctatgcacag agcaaggtct

ggttcagtgt tacccctcat caaccagccc agcagcatct

ctg
Leu

atc
Ile

ag9g
Arg

35

tcc
Ser

gat
Asp

atg
Met

gct
Ala

caa
Gln
115

gag
Glu

ttc
Phe

gcc
Ala

aca
Thr

toc
Ser

tgt
Cys
20

agg
Arg

tgc
Cys

ggc
Gly

atc
Tle

tgg
Trp

100

ctg
Leu

act
Thr

caa
Gln

tgg
Trp

aac
Asn

180

ttt
Phe

tct
Ser

gcc
Ala

ctg
Leu

aac
Asn

cag
Gln
85

gaa
Glu

aat
Asn

ccc
Pro

aga
Arg

gadg
Glu
165

ttg
Leu

tct
Ser

cta
Leu

ttg
Leu

aaqg
Lys

caqg
Gln
70

cag
Gln

cag
Gln

aac
Asn

ctqg
Leu

atc
Tle
150

gtt
Val

caa
Gln

tta
Leu

ggc
Gly

ata
Tle

gac
Asp
55

ttc
Phe

acc
Thr

agc
Ser

ctg
Leu

atg
Met
135

act
Thr

gtc
Val

aaa
Lys

ctg
Leu

tgt
Cys

ctc
Leu
40

aga
Arg

cag
Gln

ttc
Phe

ctc
Leu

gaa
Glu
120

aat
Asn

ctt
Leu

aga
Arg

ata
Tle

atg
Met

gat
Asp
25

ctg

Leu

cct
Pro

aaqg

aat
Asn

cta

Leu
105

gca
Ala

gag
Glu

tat

gca
Ala

tta
Leu
185

gcc
Ala
10

ctg
Leu

gca
Ala

gac
Asp

act
Thr

ctc

Leu
90

gaa
Glu

Cys

gac
Asp

cta
Leu

gaa
Glu
170

ag9g
Arg

gtg
val

cCct
Pro

caa
Gln

ttt
Phe

caa
Gln
75

ttc
Phe

adad

gtg
val

tcc
Ser

aca
Thr
155

atc
Tle

agg
Arg

ctg
Leu

cag
Gln

atg
Met

gga
Gly

60

gcc
Ala

agc
Ser

ttt
Phe

ata
Tle

atc
Tle
140

gag
Glu

atg
Met

aag
Lys

gtg
vVal

acc
Thr

gga
Gly

45

ctt
Leu

atc
Tle

aca
Thr

tcc
Ser

cag
Gln
125

ctg
Leu

aaqg
Lys

aga
Arqg

gat
Asp

caatgatcct gattgactaa tacattatct cacactttca

actcacttct ataaccacca cgagttgaat caaaattttc

US 6,482,613 Bl

—continued

140

Glu Lys Lys Tyr Ser

160

Met Arg Ser Leu Ser

175

Asp

tcagaaaacc tacaacccaa

tcagggttcc ca atg gcc
Met Ala

1

ctc
Leu

cac
His
30

aga
Arg

ccc
Pro

tct
Ser

gag
Glu

act
Thr
110

gag
Glu

gct
Ala

aaa

tct
Ser

tgaaaactgg ttcaacatgg

tgagttcctc catttcaaag

aaatgttttc agcagtgtaa

agc
Ser
15

agc
Ser

atc
Tle

cag
Gln

gtc
Val

gac
Asp
95

gaa
Glu

gtt
Val

gtg
val

tac
Tyr

ctc
Leu

175

tac

ctg
Leu

tct
Ser

gag
Glu

ctc

Leu
80

tca
Ser

ctt
Leu

999
Gly

agg
Arg

agc
Ser
160

tct
Ser

aaa
Lys

ggt
Gly

cCct
Pro

gag
Glu
65

cat

His

tct
Ser

tac

atg
Met

aaa
Lys
145

cct
Pro

ttt
Phe

tcc
Ser

aat
Asn

ttc
Phe
50

ttt
Phe

gadg
Glu

gct
Ala

cag
Gln

gaa
Glu
130

tac
Tyr

tca
Ser

tca
Ser

60

118

166

214

262

310

358

406

454

502

550

598

646

699

759

819

64



agaagcgtcg

ctgttcatct

atgtaatatc

tagccaatat

gtttattctt

<210>
<211>
<212>
<213>

<400>

tgtatacctg
atttatttaa
atgtgtacct
attaatttcc

aagaataaaa

SEQ ID NO 30
LENGTH:
TYPE :
ORGANISM: Homo saplens

189
PRT

65

tgcaggcact
atatttattt
ttacattgtg
tttttcatta

tgtcgaggct

agtactttac
aattattttt
gtgaatgtaa
aatttttact

gactttacaa

US 6,482,613 Bl

—continued

agatgaccat gctgatgtct
aagatttaaa ttattttttt
caatatatgt tcttcatatt
atacaaaatt tcttgagttt

cctgacttaa aaa

879

939

999

1059

1112

SEQUENCE :

Met Ala Leu Ser

1

Lys

Gly

Pro

Glu

65

His

Ser

Met

Lys
145

Pro

Phe

<210>
<211>
<212>
<213>
<220>
<221>
<222>

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu

130

Ser

Ser

Ile

35

Ser

Asp

Met

Ala

Gln

115

Glu

Phe

Ala

Thr

Cys

20

Arqg

Cys

Gly

Tle

Trp

100

Leu

Thr

Gln

Trp

Asn
180

<400> SEQUENCE:

30

Phe
5

Ser

Ala

Leu

Asn

Gln

85

Glu

Asnh

Pro

Glu
165

Leu

SEQ ID NO 31
LENGTH:
TYPE:
ORGANISM: Homo saplens
FEATURE:
NAME/KEY: CDS
LOCATION:

1109
DNA

Ser

Leu

Leu

Gln

70

Gln

Gln

Asn

Leu

Ile

150

val

Gln

Leu

Gly

Tle

55

Phe

Thr

Ser

Leu

Met

135

Thr

val

Leu

Gln

Phe

Leu

Glu

120

Asn

Leu

Tle

(111)...(677)

31

Met
Asp
25

Leu

Pro

Asn
Leu
105

Ala

Glu

Ala

Leu
185

Ala
10

Leu

Ala

Asp

Thr

Leu

90

Glu

Asp

Leu

Glu
170

Arg

Val

Pro

Gln

Phe

Gln

75

Phe

vVal

Ser

Thr

155

Tle

Arqg

gtatgttcac tatttaaggc ctatgcacag agcaaagtct

agttcaaggt tacccatctc aagtagccta gcaacatttg

c99
Arg

atc
Ile

tcc
Ser

tgc
Cys
20

ttt
Phe

tct
Ser

tct
Ser

ctg

Leu Gly

tta
Leu

ggc

ctg
Leu

tgt
Cys

atg
Met

gat
Asp
25

gtc
Val
10

ctg
Leu

gtg
val

cCct
Pro

ctg
Leu

cag
Gln

gta
Val

acc
Thr

Leu

Gln

Met

Gly

60

Ala

Ser

Phe

Tle

Tle

140

Glu

Met

tcagaaaacc tagaggccaa

val

Thr

Gly

45

Leu

Ile

Thr

Ser

Gln

125

Leu

Asp

Leu

His

30

Pro

Ser

Glu

Thr

110

Glu

Ala

Ser

Ser
15

Ser

Tle

Gln

Val

Asp

95

Glu

val

val

Leu
175

Tyr

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Arg

Ser

160

Ser

caacatccca atg gcc

ctc
Leu

cac
His
30

agc
Ser
15

agc
Ser

tac

ctg
Leu

Met
1

aaa
Lys

cgt
Arqg

Ala

tcc
Ser

aat
Asn

60

116

164

212

66



ag9g
Arg

35

tcc
Ser

gat
Asp

atg
Met

gct
Ala

caa
Gln
115

gag
Glu

ttc
Phe

gcc
Ala

aca
Thr

agg
Arg

tgc
Cys

ggc
Gly

atc
Tle

tgg
Trp

100

ctg
Leu

act
Thr

caa
Gln

tgg
Trp

aac

Asn
180

gcc
Ala

ttg
Leu

cac
His

cag
Gln
85

gaa
Glu

aat
Asn

ccc
Pro

aga
Arg

gadg
Glu
165

ttg
Leu

ttg
Leu

aaqg
Lys

cag
Gln
70

cag
Gln

cag
Gln

gac
Asp

ctqg
Leu

atc
Tle
150

gtt
Val

aaa
Lys

ata
Tle

gac
Asp
55

ttc
Phe

acc
Thr

agc
Ser

ctg
Leu

atg
Met
135

act
Thr

gtc
Val

aaa
Lys

ctc
Leu
40

aga

Arg

cag
Gln

ttc
Phe

ctc
Leu

gaa
Glu
120

aat
Asn

ctt
Leu

aga
Arg

g94a

67

ctg
Leu

cat
His

aaqg
Lys

aat
Asn

cta

Leu
105

gca
Ala

gag
Glu

tat

gca
Ala

tta

Gly Leu

185

gca
Ala

gaa
Glu

act
Thr

ctc

Leu
90

gaa
Glu

tgt
Cys

gac
Asp

cta
Leu

gaa
Glu
170

ag9
Arg

caa
Gln

ttc
Phe

caa
Gln
75

ttc
Phe

aaad

gtg
val

ttc
Phe

atg
Met
155

atc
Tle

ag9g
Arg

atg
Met

aga
Arg
60

gcc
Ala

agc
Ser

ttt
Phe

ata
Tle

atc
Tle
140

gag
Glu

atg
Met

aag
Lys

gga
Gly

45
ttc
Phe

atc
Tle

aca
Thr

tcc
Ser

cag
Gln
125

ctg
Leu

aaq

aga
Arqg

gat
Asp

cacactttca

aaatgattct cattgactaa

actcacttct

agaagcatcqg

cctttcatect

tttatgtaat

tttagccaat

ataaccacca
tgtttacctg
atttatttaa
atcatatgta

atattaattt

ttgtttattt tttaagatta

<210>
<211>
<212>
<213>

<400>

Met Ala Arg

1

Lys

Arg

Pro

Glu

65

His

Ser

Asn

Phe

50

Phe

Glu

Tle

Arg

35

Ser

Asp

Met

SEQ ID NO 32
LENGTH:
TYPE:
ORGANISM: Homo saplens

189
PRT

SEQUENCE: 32

Phe
5

Ser

Cys Ser

20

Arg Ala

Cys Leu
His

Gly

Tle Gln

Ser

Leu

Leu

Gln
70

Gln

tgcatcatct
caagttgaat
tgcaggcact
atatttattt
cctttacatt
cctttttcat

aatgccaagc

Leu Leu

Gly

Ile Leu

40

Asp
55

Arg

Phe Gln

Thr Phe

caaaatttcc
agtcctttac
atttaactat
gtggttaatg
taaattttta

ctgactgtat

val Val

10

Met

Asp Leu Pro

25
Gln

Leu Ala

His Glu Phe

Gln
75

Thr

Asn Leu Phe

—continued

aga
Arg

cca
Pro

tct
Ser

gag
Glu

act
Thr
110

gag
Glu

gct
Ala

aaa

tcc
Ser

tgaaaactgg ttcatcatgg

atc
Tle

gag
Glu

gtc
Val

gac
Asp
95

gaa
Glu

gtt
Val

gtg
val

tac
Tyr

ttc
Phe
175

tct
Ser

gag
Glu

ctc
Leu
80

tca
Ser

ctt
Leu

999
Gly

agg
Arg

agc
Ser
160

tct
Ser

tgagttcttc

aaatgttttc

agatgaccat

ttttattatt

taacaaatat

ctatacaaaa

aacctgactt

Leu

Gln

Met

Arg

60

Ala

Ser

val

Thr

Gly

45

Phe

Tle

Thr

Leu

His

30

Arg

Pro

Ser

Glu

cCct
Pro

gag
Glu
65

cat

His

tct
Ser

tac

gtg
val

aaa
Lys
145

cct
Pro

ttt
Phe

US 6,482,613 Bl

ttc
Phe
50

ttt
Phe

gag
Glu

gct
Ala

cag
Gln

gaa
Glu
130

tac
Tyr

Cys

tca
Ser

catttcaaag
aggagtgtta
tctgatgtct
taaattattt
gttcttcata
tttcttgtgt

ada

Ser
15

Tyr

Ser Leu

Ile Ser

Glu Glu

val Leu

80

Asp Ser

260

308

356

404

452

500

548

596

644

697

757

817

877

937

997

1057

1109

63



Ser

val

Lys
145

Pro

Phe

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

Ala

Gln

Glu
130

Ser

Ala

Gln

115

Glu

Phe

Ala

Thr

Trp

100

Leu

Thr

Gln

Trp

Asn
180

SEQUENCE :

85

Glu

Asn

Pro

Glu
165

Leu

SEQ ID NO 33
LENGTH:
TYPE:
ORGANISM: Homo saplens
FEATURE:
NAME/KEY: CDS
LOCATION:

1109
DNA

Gln

Asp

Leu

Tle

150

val

69

Ser
Leu
Met
135
Thr

val

Lys

Leu
Glu
120

Asn

Leu

Gly

(110)...(676)

33

Leu
105
Ala

Glu

Ala

Leu
185

90

Glu

Asp

Leu

Glu
170

Arg

vVal

Phe

Met

155

Tle

Arg

—continued

Phe

Ile

Tle

140

Glu

Met

Ser

Gln
125

Leu

Asp

Thr
110
Glu

Ala

Ser

95

Glu

Vval

val

Phe
175
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Leu

Gly

Arg

Ser

160

Ser

70

gtatgttcac tatttaagac ctatgcacag agcaaagtct tcagaaaacc tagaggccac 60

ggttcaagtt acccacctca ggtagcctag tgatatttgc aaaatccca atg gcc ctg 118

Met Ala Leu
1

tcc
Ser

tga

ag9g
Arg

35

tgc
Cys

ggc
Gly

atc
Tle

tgg
Trp

ctg
Leu
115

act
Thr

caa
Gln

tgg
Trp

ttt
Phe

toct

Ser
20

sfefe
Ala

ctqg
Leu

aac
Asn

cag
Gln

gaa
Glu
100

aat
Asn

ccc
Pro

aga
Arg

gag
Glu

tct
Ser

ctg
Leu

ttg
Leu

aaqg
Lys

cag
Gln

cag
Gln
85

cag
Gln

gac
Asp

ctg
Leu

atc
Tle

gtt
Val

tta
Leu

ggc
Gly

ata
Tle

gac
Asp

ttc
Phe
70

acc
Thr

agc
Ser

ctg
Leu

atg
Met

act
Thr
150

gtc
Val

ctt
Leu

tgt
Cys

ctc
Leu

aga
Arg
55

cag
Gln

ttc
Phe

ctce
Leu

gaa
Glu

aat

Asn
135

ctt
Leu

aga
Arg

atg
Met

gat
Asp

ctg
Leu
40

cat
His

aaqg
Lys

aat
Asn

cta
Leu

gca
Ala
120

gag
Glu

tat

gca
Ala

gcc
Ala
10

ctg
Leu
25

gga
Gly

gat
Asp

gct
Ala

ctc
Leu

gaa
Glu
105

tgt

Cys

gac
Asp

cta
Leu

gaa
Glu

gtg
val

cct
Pro

caa
Gln

ttc
Phe

caa
Gln

ttc
Phe
90

adaad

gtg
Val

tcc
Ser

ata
Tle

atc
Tle

ctg
Leu

cag
Gln

atg
Met

cga
Arg

gcc
Ala
75

agc
Ser

ttt
Phe

ata
Ile

atc
Tle

gag
Glu
155

atg
Met

gtg
val

acc
Thr

gga
Gly

atc
Tle
60

atc
Tle

aca
Thr

tcc
Ser

cag
Gln

ctqg
Leu
140

agg
Arg

aga
Arg

ctc
Leu

cac
His

aga
Arqg
45

ccc
Pro

tct
Ser

gag
Glu

act
Thr

gag
Glu
125

gct
Ala

adaa

tcc
Ser

agc
Ser
15

acc
Thr
30

atc

Ile

cag
Gln

gtc
Val

gac
Asp

gaa
Glu
110

gtt
Val

gtg
val

tac

ctc
Leu

tac

ctg
Leu

tct
Ser

gag
Glu

ctc
Leu

tca
Ser

95

att
ITle

999
Gly

a99g
Arg

agc
Ser

tcg
Ser

aaa

cgt
Arqg

cct
Pro

gag
Glu

cat
His
80

tct
Ser

tac

gtg
Val

aaada

cct

Pro
160

ttt
Phe

tcc
Ser

aat
Asn

ttc
Phe

ttt
Phe
65

gag
Glu

gct
Ala

cag
Gln

gaa
Glu

tac
Tyr
145

tgt

Cys

tca
Ser

atc
Tle

agg
Arg

tcc

Ser
50

gat
Asp

atg
Met

gct
Ala

caa
Gln

gag
Glu
130

ttc
Phe

gcc
Ala

aca
Thr

166

214

262

310

358

406

454

502

550

598

646
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71

-continued
165 170 175
aac ttg caa aaa aga tta agg agg aag gat tgaaaactgg ttcaacatgg 696
Asn Leu Gln Lys Arg Leu Arg Arg Lys Asp
180 185
caatgatcct gattgactaa tacattatct cacactttca tgagttcttc catttcaaaqg 756
actcacttct ataaccacga cgtgttgaat caaaattttc aaatgttttc agcagtgtaa 816
agaagtgtcg tgtatacctg tgcaggcact agtcctttac agatgaccat tctgatgtct 876
ctgttcatct tttgtttaaa tatttattta attattttta aaatttatgt aatatcatga 936
gtcgctttac attgtggtta atgtaacaat atatgttctt catatttagc caatatatta 996
atttcctttt tcattaaatt tttactatac aaaatttctt gtgtttgttt attctttaaqg 1056
ataaaatgcc aaggctgact ttacaacctg acttaaaaat agatgattta att 1109
<210> SEQ ID NO 34
<211> LENGTH: 169
<212> TYPE: PRT
<213> ORGANISM: Homo saplens
<400> SEQUENCE: 34
Ser Leu Gly Cys Asp Leu Pro Gln Thr His Thr Leu Arg Asn Arg Arg
1 5 10 15
Ala Leu Ile Leu Leu Gly Gln Met Gly Arg Ile Ser Pro Phe Ser Cys
20 25 30
Leu Lys Asp Arg His Asp Phe Arg Ile Pro Gln Glu Glu Phe Asp Gly
35 40 45
Asn Gln Phe Gln Lys Ala Gln Ala Ile Ser Val Leu His Glu Met Ile
50 55 60
Gln Gln Thr Phe Asn Leu Phe Ser Thr Glu Asp Ser Ser Ala Ala Trp
65 70 75 80
Glu Gln Ser Leu Leu Glu Lys Phe Ser Thr Glu Ile Tyr Gln Gln Leu
85 90 95
Asn Asp Leu Glu Ala Cys Val Ile Gln Glu Val Gly Val Glu Glu Thr
100 105 110
Pro Leu Met Asn Glu Asp Ser Ile Leu Ala Val Arg Lys Tyr Phe Gln
115 120 125
Arg Ile Thr Leu Tyr Leu Ile Glu Arg Lys Tyr Ser Pro Cys Ala Trp
130 135 140
Glu Val Val Arg Ala Glu Ile Met Arg Ser Leu Ser Phe Ser Thr Asn
145 150 155 160
Leu Gln Lys Arqg Leu Arg Arg Lys Asp
165
<210> SEQ ID NO 35
<211> LENGTH: 188
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens
<400> SEQUENCE: 35
Met Ala Leu Thr Phe Ala Leu Leu Val Ala Leu Leu Val Leu Ser Cys
1 5 10 15
Lys Ser Ser Cys Ser Val Gly Cys Asp Leu Pro Gln Thr His Ser Leu
20 25 30
Gly Ser Arg Arg Thr Leu Met Leu Leu Ala Gln Met Arg Arg Ile Ser
35 40 45
Leu Phe Ser Cys Leu Lys Asp Arg His Asp Phe Gly Phe Pro Gln Glu



Glu

65

Glu

Ala

Gln

Thr

Tyr

145

Ser

50

Phe

Met

Ala

Gln

Glu

130

Phe

Ala

Thr

Gly

Ile

Trp

Leu

115

Thr

Gln

Trp

Asn

Asn

Gln

Asp

100

Asn

Pro

Arqg

Glu

Leu
180

Gln

Gln

85

Glu

Asp

Leu

Tle

vVal

165

Gln

Phe

70

Ile

Thr

Leu

Met

Thr

150

vVal

Glu

73

55

Gln
Phe
Leu
Glu
Lys
135
Leu

Arg

Ser

Asn

Leu

Ala

120

Glu

Ala

Leu

Ala

Leu

Asp

105

Asp

Leu

Glu

Arg
185

Glu

Phe

90

val

Ser

Ile
170

Ser

Thr
75

Ser

Phe

Tle

Tle

Glu

155

Met

—continued

60

Tle

Thr

Gln

Leu
140

Arg

Glu

Pro

Thr
Gly
125

Ala

Ser

Val

Asp

Glu

110

Val

val

Phe

Leu
Ser
95

Leu

Gly

Ser

Ser
175
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His
80

Ser

Tyr

Val

Pro
160

Leu

74

<210>
<211>
<212>
<213>

SEQ ID NO 36
LENGTH: 189
TYPE: PRT

ORGANISM: Homo sapilens

<400>

SEQUENCE :

Met Ala Leu Pro

1

Lys

Asn

Pro

Glu

65

His

Ser

Phe

val

Lys

145

Pro

Phe

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu
130

Ser

Ser

35

Ser

Asp

Met

Ala

Gln

115

Glu

Phe

Ala

Thr

Cys
20

Gly

Met

Trp

100

Met

Thr

Gln

Trp

Asn
180

36

Phe
5

Ser

Thr

Leu

Asn

Gln

85

Asp

Asn

Pro

Glu
165

Leu

Ser

Leu

Leu

Gln

70

Gln

Glu

Asp

Leu

Tle

150

val

Gln

Leu

Gly

Met

55

Phe

Thr

Thr

Leu

Met

135

Thr

val

Met

Gln

Phe

Leu

Glu

120

Asn

Leu

Arg

Arg

Met

Asn

25

Met

His

Asn

Leu

105

Ala

Glu

Ala

Leu
185

Ala
10

Leu

Ala

Asp

Ala

Leu

90

Glu

Asp

Leu

Glu
170

Leu

Ser

Gln

Phe

Gln

75

Phe

Val

Ser

Met

155

Tle

Arqg

val

Gln

Met

Glu

60

Ala

Ser

Phe

Ile

Tle

140

Glu

Met

val

Thr

Arg

45

Phe

Ile

Thr

Gln
125

Leu

Arg

Asp

Leu

His

30

Pro

Ser

Tle
110
Glu

Ala

Ser

Ser

15

Ser

Tle

Gln

val

Asn

95

Glu

Val

val

Leu
175

Cys

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Arg

Ser

160

Ser

<210>
<211>
<212>
<213>

SEQ ID NO 37

LENGTH: 189

TYPE: PRT

ORGANISM: Homo saplens

<400> SEQUENCE: 37

Met Ala Leu Ser Phe Ser Leu Leu Met Ala Val Leu Val Leu Ser Tyr



Gly
Pro
Glu
65

His

Ser

Met

Lys
145

Pro

Phe

Ser

Asn

Phe

50

Phe

Glu

Ala

Gln

Glu
130

Ser

Ile

Arqg

35

Ser

Asp

Met

Ala

Gln

115

Glu

Phe

Ala

Thr

Cys
20

Arqg

Gly

Tle

Trp

100

Leu

Thr

Gln

Trp

Asn
180

Ser

Ala

Leu

Asn

Gln

85

Glu

Asn

Pro

Glu
165

Leu

<210> SEQ ID NO 38

Leu

Leu

Gln

70

Gln

Gln

Asn

Leu

Tle

150

val

Gln

75

Gly
Ile
Asp
55

Phe
Thr
Ser
Leu
Met
135

Thr

val

Leu

40

Arg

Gln

Phe

Leu

Glu

120

Asn

Leu

Tle

Asp
25

Leu

Pro

Asn

Leu

105

Ala

Glu

Tyr

Ala

Leu
185

10

Leu

Ala

Asp

Thr

Leu

90

Glu

Asp

Leu

Glu
170

Arg

Pro

Gln

Phe

Gln

75

Phe

Val

Ser

Thr

155

Tle

Arqg

—continued

Gln

Met

Gly

60

Ala

Ser

Phe

Ile

Tle

140

Glu

Met

Thr

Gly

45

Leu

Tle

Thr

Ser

Gln

125

Leu

Asp

His

30

Arqg

Pro

Ser

Glu

Thr

110

Glu

Ala

Ser

15

Ser

Ile

Gln

val

Asp

95

Glu

Val

val

Leu
175
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Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Arg

Ser

160

Ser

76

<211> LENGTH: 169
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 38

Ser
1

Ala

Leu

Asn

Gln

65

Glu

Asn

Pro

Arg

Glu

145

Leu

Leu Gly Cys

Leu

Gln

50

Gln

Gln

Asp

Leu

Tle

130

Vval

Gln

Ile

Asp

35

Phe

Thr

Ser

Leu

Met
115

Thr

Val

Leu

20

Arqg

Gln

Phe

Leu

Glu

100

Asn

Leu

Arqg

Asp
5

Leu

His

Asn

Leu

85

Ala

Glu

Tyr

Ala

Leu
165

<210> SEQ ID NO 39

<211> LENGTH:

12

Leu

Gly

Ala

Leu
70

Glu

Leu

Glu
150

Arg

Pro

Gln

Phe

Gln

55

Phe

val

Ser

Tle
135

Ile

Gln

Met

Arg

40

Ala

Ser

Phe

Tle

Tle

120

Glu

Met

Thr

Gly

25

Tle

Tle

Thr

Ser

Gln

105

Leu

Arg

Asp

His

10

Arg

Pro

Ser

Glu

Thr

90

Glu

Ala

Ser

Ser

Ile

Gln

Val

Asp

75

Glu

Val

vVal

Leu
155

Leu

Ser

Glu

Leu

60

Ser

Tle

Gly

Arg

Ser

140

Ser

Gly
Pro
Glu
45

His

Ser

val

Lys
125

Pro

Phe

Asn

Phe

30

Phe

Glu

Ala

Gln

Glu
110

Ser

Arg

15

Ser

Asp

Met

Ala

Gln

95

Glu

Phe

Ala

Thr

Arg

Gly

Tle

Trp

80

Leu

Thr

Gln

Trp

Asn
160



<212>
<213>
<220>
<223>

<400>

US 6,482,613 Bl
77

-contilnued
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Eco RI linker

SEQUENCE: 39

catgaattca tg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 14

TYPE: DNA

ORGANISM: Unknown

FEATURE::

OTHER INFORMATION: Xbal and EcoRI cleavage sites

SEQUENCE: 40

tctagaattc tatg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 14

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Xbal and EcoRI cleavage sites

SEQUENCE: 41

catagaattc taga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Seqguence

FEATURE:

OTHER INFORMATION: Synthetic deoxvoligonucleotides

SEQUENCE: 42

aattcatgtg t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic deoxvoligonucleotides

SEQUENCE: 43

gatcacacat g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: EcoRI to Pstl convertor

SEQUENCE: 44

aattctgcaqg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 45

LENGTH: 1lo6é6

TYPE: PRT

ORGANISM: Homo sapilens

FEATURE:

NAME/KEY: SITE

LOCATION: (1)...(1)

OTHER INFORMATION: Xaa = Methionine or Hydrogen

12

14

14

11

11

10

78



<400> SEQUENCE:

Xaa
1

Met

Asp

Gln

Phe

65

Leu

Glu

Leu

Arg
145

Ser

Cys

Leu

Arg

Lys

50

Asn

Leu

Ala

Glu

Tyr

130

Ala

Leu

Asp

Leu

His

35

Ala

Leu

Asp

Asp
115

Leu

Glu

Arg

Leu

Ala

20

Asp

Glu

Phe

val
100

Ser

Tle

Ser

45

Pro

5

Gln

Phe

Thr

Ser

Phe

85

ITle

Tle

Glu

Met

Lys
165

Gln

Met

Gly

Tle

Thr

70

Gln

Leu

Arg
150

Glu

79

Thr
Arg
Phe

Pro
55

Thr
Gly
Ala
Lys

135

Ser

His

Pro

40

Val

Asp

Glu

Val

Val

120

Phe

Ser

Ile

25

Gln

Leu

Ser

Leu

Gly

105

Arg

Ser

Ser

Leu

10

Ser

Glu

His

Ser

Tyr

90

Val

Pro

Leu

Gly

Leu

Glu

Glu

Ala

75

Gln

Thr

Ser
155

—continued

Ser

Phe

Phe

Met

60

Ala

Gln

Glu

Phe

Ala

140

Thr

Arg

Ser

Gly

45

Tle

Trp

Leu

Thr

Gln

125

Trp

Asn

Arg

Cys

30

Asn

Gln

Asp

Asn

Pro

110

Arg

Glu

Leu

Thr

15

Leu

Gln

Gln

Glu

Asp

95

Leu

Tle

val

Gln

US 6,482,613 Bl

Leu

Phe

Tle

Thr

80

Leu

Met

Thr

vVal

Glu
160

30

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 46

LENGTH: 167

TYPE: PRT

ORGANISM: Homo saplens
FEATURE:

NAME/KEY: SITE

LOCATION: (1)...{1)
OTHER INFORMATION: Xaa = Methionine or Hydrogen

<400> SEQUENCE: 46

Xaa Cys Asp Leu

1

Tle

Asp

Phe

Thr

65

Thr

Leu

Met

Thr

val
145

Leu

Arg

Gln

50

Phe

Leu

Glu

Leu
130

Leu

His

35

Asn

Leu

Val

Glu

115

Ala

Leu

Ala
20

Asp

Ala

Leu

Asp

Leu

100

Asp

Leu

Glu

Pro

5

Gln

Phe

Gln

Phe

Glu

85

Ser

Thr

Tle

Ser
165

Gln

Met

Glu

Ala

Ser

70

Phe

Ile

Glu

Met

150

Lys

Thr

Arg

Phe

Tle

55

Thr

Gln

Leu

Lys

135

Arg

Glu

His

Arg

Pro

40

Ser

Tle

Glu

Ala
120

Ser

Ser

Tle

25

Gln

val

Asp

Glu

val

105

val

Phe

Leu

10

Ser

Glu

Leu

Ser

Leu

90

Gly

Arg

Ser

Ser

Gly

Pro

Glu

His

Ser

75

Asp

Val

Ser

Leu
155

Asn

Phe

Phe

Glu

60

Ala

Gln

Tle

Cys
140

Ser

Arg

Ser

Asp

45

Met

Ala

Gln

Glu

Phe

125

Ala

Tle

Arg

Cys

30

Asp

Tle

Leu

Leu

Ser

110

Gln

Trp

Asn

Ala
15

Leu

Gln

Asp

Asn

95

Pro

Arg

Glu

Leu

Leu

Gln

Gln

Glu

80

Asp

Leu

Ile

vVal

Gln
160



31

—continued
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<210> SEQ ID NO 47
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Homo saplens
<220> FEATURE:
<221> NAME/KEY: SITE
<222> LOCATION: (1l)...(1)
<223> OTHER INFORMATION: Xaa = Methionine or Hydrogen
<400> SEQUENCE: 47
Xaa Cys Asp Leu Pro Gln Thr His Ser Leu Gly Asn Arg Arg Ala Leu
1 5 10 15
Ile Leu Leu Gly Gln Met Gly Arg Ile Ser Pro Phe Ser Cys Leu Lys
20 25 30
Asp Arg His Asp Phe Arg Ile Pro Gln Glu Glu Phe Asp Gly Asn Gln
35 40 45
Phe Gln Lys Ala Gln Ala Ile Ser Val Leu His Glu Met Ile Gln Gln
50 55 60
Thr Phe Asn Leu Phe Ser Thr Glu Asp Ser Ser Ala Ala Trp Glu Gln
65 70 75 80
Ser Leu Leu Glu Lys Phe Ser Thr Glu Leu Tyr Gln Gln Leu Asn Asp
85 90 95
Leu Glu Ala Cys Val Ile Gln Glu Val Gly Val Glu Glu Thr Pro Leu
100 105 110
Met Asn Glu Asp Ser Ile Leu Ala Val Arg Lys Tyr Phe Gln Arg Ile
115 120 125
Thr Leu Tyr Leu Ile Glu Arg Lys Tyr Ser Pro Cys Ala Trp Glu Val
130 135 140
Val Arg Ala Glu Ile Met Arg Ser Leu Ser Phe Ser Thr Asn Leu Gln
145 150 155 160
Lys Arg Leu Arg Arg Lys Asp
165
<210> SEQ ID NO 48
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens
<220> FEATURE:
<221> NAME/KEY: SITE
<222> LOCATION: (1l)...(1)
<223> OTHER INFORMATION: Xaa = Methionine or Hydrogen
<400> SEQUENCE: 48
Xaa Cys Asp Leu Pro Glu Thr His Ser Leu Asp Asn Arg Arg Thr Leu
1 5 10 15
Met Leu Leu Ala Gln Met Ser Arg Ile Ser Pro Ser Ser Cys Leu Met
20 25 30
Asp Arg His Asp Phe Gly Phe Pro Gln Glu Glu Phe Asp Gly Asn Gln
35 40 45
Phe Gln Lys Ala Pro Ala Ile Ser Val Leu His Glu Leu Ile Gln Gln
50 55 60
Ile Phe Asn Leu Phe Thr Thr Lys Asp Ser Ser Ala Ala Trp Asp Glu
65 70 75 80
Asp Leu Leu Asp Lys Phe Cys Thr Glu Leu Tyr Gln Gln Leu Asn Asp
85 90 95
Leu Glu Ala Cys Val Met Gln Glu Glu Arg Val Gly Glu Thr Pro Leu
100 105 110

32



Met

Thr

val

145

Glu

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

Xaa
1

Tle

Phe

Thr

65

Ser

Met

Met

Thr

val

145

Glu

<210>
<211>
<212>
<213>
<220>
<221> NAME/KEY:
<222>
<223>

<400>

Xaa
1

Met

Asp

Phe

33

Asn Val Asp Ser Ile Leu
115

Leu Tvyr
130

Leu Thr Glu Lys

135

Arg Ala Glu Ile Met Arg
150

Arg Leu Arg Arg Lys Glu
165

SEQ ID NO 49

LENGTH: 1lo67

TYPE: PRT

ORGANISM: Homo sapilens
FEATURE:

SITE

NAME /KEY :
LOCATION:
OTHER INFORMATION: Xaa

SEQUENCE :

Cys Asp Leu

Leu

Gln

50

Phe

Leu

Glu

Asn

Leu

130

Arg

Arg

Leu

His

35

Asn

Leu

Ala

val
115

Ala

Leu

Ala

20

Asp

Ala

Leu

Glu

Cys

100

Asp

Leu

Glu

Arg

(1)...(1)

49

Pro

5

Gln

Phe

Gln

Phe

Lys

85

vVal

Ser

Thr

Tle

Arg
165

Gln

Met

Gly

Ala

Ser

70

Phe

Ile

Tle

Glu

Met

150

Lys

Thr

Gly

Phe

Ile

55

Thr

Ser

Gln

Leu

Lys

135

Arg

Glu

SEQ ID NO 50

LENGTH: 167

TYPE: PRT

ORGANISM: Homo saplens
FEATURE:

SITE
LOCATION: (1)...(1)
OTHER INFORMATION: Xaa

SEQUENCE: 50

Cys Asn Leu Ser Gln Thr
5

Leu Met Ala Gln Met Arg
20

Arg His Asp Phe Glu Phe
35

Gln Lys Ala Gln Ala Ile

Ala
120

Ser

Val Lys Lys

Tyr Ser Pro

Leu Ser Leu

155

—continued

Tyr

Cys
140

Ser

Phe
125

Ala

Thr

US 6,482,613 Bl

Arg Arqg Ile

Trp Glu Val

Asn Leu Gln

= Methionine or Hydrogen

His

Pro
40

Ser

Thr

Glu

Ala
120

Ser

Ser

Tle

25

Gln

vVal

Asp

Glu

vVal

105

val

Phe

Leu

10

Ser

Glu

Leu

Ser

Leu

90

Gly

Ser

Ser

Gly

Pro

Glu

His

Ser

75

Asn

Val

Pro

Leu
155

Asn

Phe

Phe

Glu

60

Ala

Gln

Glu

Cys
140

Ser

Arg

Ser

45

Met

Thr

Gln

Glu

Phe

125

Ala

Arg

Cys

30

Gly

Tle

Trp

Leu

Thr

110

Gln

Trp

Tle

= Methilonine or Hydrogen

His

Arg

Pro

40

Ser

Ser

Tle
25

Gln

val

Leu
10

Ser

Glu

Leu

Asn

Pro

Glu

His

Asn

Phe

Phe

Glu

Arg

Ser

45

Met

Ala

15

Leu

Asn

Gln

Glu

Asn

95

Pro

Glu

Phe

160

Leu

Gln

Gln

Gln

80

Asp

Leu

Tle

Val

Gln
160

Arg Thr Leu

15

Cys Leu Lys

30

Gly Asn Gln

Met Gln Gln

34



35
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36

-continued
50 55 60
Thr Phe Asn Leu Phe Ser Thr Lys Asn Ser Ser Ala Ala Trp Asp Glu
65 70 75 g0
Thr Leu Leu Glu Lys Phe Tyr Ile Glu Leu Phe Gln Gln Met Asn Asp
85 90 95
Leu Glu Ala Cys Val Ile Gln Glu Val Gly Val Glu Glu Thr Pro Leu
100 105 110
Met Asn Glu Asp Ser Ile Leu Ala Val Arg Lys Tyr Phe Gln Arg Ile
115 120 125
Thr Leu Tyr Leu Met Glu Lys Lys Tyr Ser Pro Cys Ala Trp Glu Val
130 135 140
Val Arg Ala Glu Ile Met Arg Ser Phe Ser Phe Ser Thr Asn Leu Gln
145 150 155 160
Lys Arg Leu Arg Arg Lys Asp
165
<210> SEQ ID NO 51
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Homo sapiliens
<220> FEATURE:
<221> NAME/KEY: SITE
<222> LOCATION: (1l)...(1)
<223> OTHER INFORMATION: Xaa = Methionine or Hydrogen
<400> SEQUENCE: 51
Xaa Cys Asp Leu Pro Gln Thr His Ser Leu Gly Asn Arg Arg Ala Leu
1 5 10 15
Ile Leu Leu Ala Gln Met Gly Arg Ile Ser Pro Phe Ser Cys Leu Lys
20 25 30
Asp Arg Pro Asp Phe Gly Leu Pro Gln Glu Glu Phe Asp Gly Asn Gln
35 40 45
Phe Gln Lys Thr Gln Ala Ile Ser Val Leu His Glu Met Ile Gln Gln
50 55 60
Thr Phe Asn Leu Phe Ser Thr Glu Asp Ser Ser Ala Ala Trp Glu Gln
65 70 75 80
Ser Leu Leu Glu Lys Phe Ser Thr Glu Leu Tyr Gln Gln Leu Asn Asn
85 90 95
Leu Glu Ala Cys Val Ile Gln Glu Val Gly Met Glu Glu Thr Pro Leu
100 105 110
Met Asn Glu Asp Ser Ile Leu Ala Val Arg Lys Tyr Phe Gln Arg Ile
115 120 125
Thr Leu Tyr Leu Thr Glu Lys Lys Tyr Ser Pro Cys Ala Trp Glu Val
130 135 140
Val Arg Ala Glu Ile Met Arg Ser Leu Ser Phe Ser Thr Asn Leu Gln
145 150 155 160
Lys Ile Leu Arg Arg Lys Asp
165
<210> SEQ ID NO 52
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens
<220> FEATURE:
<221> NAME/KEY: SITE
<222> LOCATION: (1l)...(1)
<223> OTHER INFORMATION: Xaa = Methionine or Hydrogen
<400> SEQUENCE: 52



Xaa

Tle

Asp

Phe

Thr

65

Ser

Leu

Met

Thr

val
145

Leu

Arg

Gln

50

Phe

Leu

Glu

Asn

Leu
130

Gly

Asp

Leu

His

35

Asn

Leu

Ala

Glu

115

Ala

Leu

Leu

Ala

20

Glu

Thr

Leu

Glu

Cys
100
Asp

Leu

Glu

Pro

Gln

Phe

Gln

Phe

Lys

85

val

Phe

Met

Tle

Arg
165

Gln

Met

Ala

Ser

70

Phe

Tle

Ile

Glu

Met

150

Lys

37

Thr
Gly
Phe
Tle
55

Thr
Ser
Gln
Leu
Lys
135

Arg

Asp

His

Arg

Pro

40

Ser

Glu

Thr

Glu

Ala

120

Ser

Ser

Tle

25

Glu

val

Asp

Glu

val

105

val

Phe

Leu

10

Ser

Glu

Leu

Ser

Leu

90

Gly

Arg

Ser

Ser

Arqg

Pro

Glu

His

Ser
75

Pro

Phe
155

—continued

Asn

Phe

Phe

Glu

60

Ala

Gln

Glu

Cys
140

Ser

Arg Arqg Ala

Ser

Asp

45

Met

Ala

Gln

Glu

Phe

125

Ala

Thr

Cys

30

Gly

Tle

Trp

Leu

Thr

110

Gln

Trp

Asn

15

Leu

His

Gln

Glu

Asn

95

Pro

Arqg

Glu

Leu

US 6,482,613 Bl

Leu

Gln

Gln

Gln

80

Asp

Leu

Ile

vVal

Lys
160

33

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 53

LENGTH: 1lo6é6

TYPE: PRT

ORGANISM: Homo sapilens
FEATURE:

NAME/KEY: SITE

LOCATION: (1)...(1)
OTHER INFORMATION: Xaa = Methionine or Hydrogen

<400> SEQUENCE: 53

Xaa Cys Asp

1

Met

Asp

Gln

Phe

65

Leu

Glu

Leu

Arg
145

Ser

Leu

Arg

Lys

50

Asn

Leu

Ala

Glu

Tyr

130

Ala

Leu

Leu

His

35

Ala

Leu

Asp

Asp
115

Leu

Glu

Leu

Ala

20

Asp

Glu

Phe

vVal
100

Ser

Tle

Ser

Pro

5

Gln

Phe

Thr

Ser

Phe

85

Tle

Tle

Glu

Met

Lys
165

Gln

Met

Gly

Ile

Thr

70

Gln

Leu

Arg
150

Glu

Thr

Phe

Pro

55

Thr

Gly

Ala

Lys

135

Ser

His

Pro

40

Val

Asp

Glu

val

Val

120

Phe

Ser

Tle

25

Gln

Leu

Ser

Leu

Gly

105

Arg

Ser

Ser

Leu
10

Ser

Glu

His

Ser

Tyr

90

val

Pro

Leu

Gly

Leu

Glu

Glu

Ala

75

Gln

Thr

Ser
155

Ser

Phe

Phe

Met

60

Ala

Gln

Glu

Phe

Ala

140

Thr

Ser

Gly

45

Ile

Trp

Leu

Thr

Gln

125

Trp

Asn

Cys

30

Asn

Gln

Asp

Asn

Pro

110

Arg

Glu

Leu

Thr
15

Leu

Gln

Gln

Glu

Asp

95

Leu

Tle

val

Gln

Leu

Phe

Tle

Thr

80

Leu

Met

Thr

Val

Glu
160
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39

—continued

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 54

LENGTH: 167

TYPE: PRT

ORGANISM: Homo saplens
FEATURE:

NAME/KEY: SITE

LOCATION: (1)...{1)
OTHER INFORMATION: Xaa = Methionine or Hydrogen

<400> SEQUENCE: 54

Xaa Cys Asp Leu

1

Tle

Asp

Phe

Thr

65

Ser

Leu

Met

Thr

val
145

Leu

Arg

Gln

50

Phe

Leu

Glu

Asn

Leu
130

Arg

Leu

His

35

Asn

Leu

Ala

Glu

115

Ala

Leu

Gly

20

Asp

Ala

Leu

Glu

Cys

100

Asp

Leu

Glu

Arqg

Pro

5

Gln

Phe

Gln

Phe

Lys

85

val

Ser

Tle

Tle

Arg
165

Gln

Met

Arqg

Ala

Ser

70

Phe

Tle

Ile

Glu

Met

150

Lys

Thr

Gly

Ile

Tle

55

Thr

Ser

Gln

Leu

Arg

135

Arg

Asp

His

Arg

Pro

40

Ser

Glu

Thr

Glu

Ala

120

Ser

Ser

Tle

25

Gln

val

Asp

Glu

val

105

vVal

Leu

Leu

10

Ser

Glu

Leu

Ser

Tle

90

Gly

Arg

Ser

Ser

Gly

Pro

Glu

His

Ser
75

Pro

Phe
155

Asn

Phe

Phe

Glu

60

Ala

Gln

Glu

Cys
140

Ser

Ser

Asp

45

Met

Ala

Gln

Glu

Phe

125

Ala

Thr

Arg

Cys

30

Gly

Tle

Trp

Leu

Thr

110

Gln

Trp

Asn

Ala

15

Leu

Asn

Gln

Glu

Asn

95

Pro

Arqg

Glu

Leu

Leu

Gln

Gln

Gln

80

Asp

Leu

Tle

vVal

Gln
160

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 55

LENGTH: 1lo67

TYPE: PRT

ORGANISM: Homo sapilens
FEATURE:

NAME/KEY: SITE

LOCATION: (1)...(1)
OTHER INFORMATION: Xaa = Methionine or Hydrogen

<400> SEQUENCE: 55

Xaa
1

Met

Asp

Phe

Thr

65

Thr

Leu

Met

Cys Asn Leu

Leu

Arg

Gln

50

Phe

Leu

Glu

Asn

Met

His

35

Asn

Leu

Ala

Glu

Ala
20

Asp

Ala

Leu

Glu

Cys

100

Asp

Ser

5

Gln

Phe

Gln

Phe

Lys

85

val

Ser

Gln

Met

Glu

Ala

Ser

70

Phe

Tle

Tle

Thr

Arg

Phe

Ile

55

Thr

Tyr

Gln

Leu

His

Arg

Pro

40

Ser

Tle

Glu

Ala

Ser

Tle
25

Gln

vVal

Asn

Glu

val

105

val

Leu
10

Ser
Glu
Leu
Ser
Leu
90

Gly

Arg

Asn

Pro

Glu

His

Ser

75

Phe

vVal

Asn

Phe

Phe

Glu

60

Ala

Gln

Glu

Arg

Ser

Asp

45

Met

Ala

Gln

Glu

Phe

Arg

Cys

30

Gly

Met

Trp

Met

Thr

110

Gln

Thr

15

Leu

Asn

Gln

Asp

Asn

95

Pro

Arg

Leu

Gln

Gln

Glu

80

Asp

Leu

Tle



115

Thr Leu Tyr

130

Val Arg Ala

Leu Met Glu

Glu Ile Met

91

120

—continued

125

US 6,482,613 Bl

Lys Lys Tyr Ser Pro Cys Ala Trp Glu Val

135

140

Arg Ser Leu Ser Phe Ser Thr Asn Leu Gln

92

145 150 155 160
Lys Arg Leu Arg Arg Lys Asp
165
<210> SEQ ID NO 56
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens
<220> FEATURE:
<221> NAME/KEY: SITE
<222> LOCATION: (1l)...(1)
<223> OTHER INFORMATION: Xaa = Methionine or Hydrogen
<400> SEQUENCE: 56
Xaa Cys Asn Leu Ser Gln Thr His Ser Leu Asn Asn Arg Arg Thr Leu
1 5 10 15
Met Leu Met Ala Gln Met Arg Arg Ile Ser Pro Phe Ser Cys Leu Lys
20 25 30
Asp Arg His Asp Phe Glu Phe Pro Gln Glu Glu Phe Asp Gly Asn Gln
35 40 45
Phe Gln Lys Ala Gln Ala Ile Ser Val Leu His Glu Met Met Gln Gln
50 55 60
Thr Phe Asn Leu Phe Ser Thr Lys Asn Ser Ser Ala Ala Trp Asp Glu
65 70 75 80
Thr Leu Leu Glu Lys Phe Tyr Ile Glu Leu Phe Gln Gln Met Asn Asp
85 90 95
Leu Glu Ala Cys Val Ile Gln Glu Val Gly Val Glu Glu Thr Pro Leu
100 105 110
Met Asn Glu Asp Ser Ile Leu Ala Val Lys Lys Tyr Phe Gln Arg Ile
115 120 125
Thr Leu Tyr Leu Met Glu Lys Lys Tyr Ser Pro Cys Ala Trp Glu Val
130 135 140
Val Arg Ala Glu Ile Met Arg Ser Phe Ser Phe Ser Thr Asn Leu Gln
145 150 155 160
Lys Arg Leu Arg Arg Lys Asp
165
<210> SEQ ID NO 57
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens
<220> FEATURE:
<221> NAME/KEY: SITE
<222> LOCATION: (1l)...(1)
<223> OTHER INFORMATION: Xaa = Methionine or Hydrogen
<400> SEQUENCE: 57/
Xaa Cys Asp Leu Pro Gln Thr His Thr Leu Arg Asn Arg Arg Ala Leu
1 5 10 15
Ile Leu Leu Gly Gln Met Gly Arg Ile Ser Pro Phe Ser Cys Leu Lys
20 25 30
Asp Arg His Asp Phe Arg Ile Pro Gln Glu Glu Phe Asp Gly Asn Gln
35 40 45
Phe Gln Lys Ala Gln Ala Ile Ser Val Leu His Glu Met Ile Gln Gln

50 55 60



93
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94

-continued
Thr Phe Asn Leu Phe Ser Thr Glu Asp Ser Ser Ala Ala Trp Glu Gln
65 70 75 80
Ser Leu Leu Glu Lys Phe Ser Thr Glu Ile Tyr Gln Gln Leu Asn Asp
85 90 95
Leu Glu Ala Cys Val Ile Gln Glu Val Gly Val Glu Glu Thr Pro Leu
100 105 110
Met Asn Glu Asp Ser Ile Leu Ala Val Arg Lys Tyr Phe Gln Arg Ile
115 120 125
Thr Leu Tyr Leu Ile Glu Arg Lys Tyr Ser Pro Cys Ala Trp Glu Val
130 135 140
Val Arg Ala Glu Ile Met Arg Ser Leu Ser Phe Ser Thr Asn Leu Gln
145 150 155 160
Lys Arg Leu Arg Arg Lys Asp
165
<210> SEQ ID NO 58
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens
<220> FEATURE:
<221> NAME/KEY: SITE
<222> LOCATION: (1l)...(1)
<223> OTHER INFORMATION: Xaa = Methionine or Hydrogen
<400> SEQUENCE: 58
Xaa Cys Asn Leu Ser Gln Thr His Ser Leu Asn Asn Arg Arg Thr Leu
1 5 10 15
Met Leu Met Ala Gln Met Arg Arg Ile Ser Pro Phe Ser Cys Leu Lys
20 25 30
Asp Arg His Asp Phe Glu Phe Pro Gln Glu Glu Phe Asp Gly Asn Gln
35 40 45
Phe Gln Lys Ala Gln Ala Ile Ser Val Leu His Glu Met Met Gln Gln
50 55 60
Thr Phe Asn Leu Phe Ser Thr Lys Asn Ser Ser Ala Ala Trp Asp Glu
65 70 75 80
Thr Leu Leu Glu Lys Phe Tyr Ile Glu Leu Phe Gln Gln Met Asn Asp
85 90 95
Leu Glu Ala Cys Val Ile Gln Glu Val Gly Val Glu Glu Thr Pro Leu
100 105 110
Met Asn Glu Asp Ser Ile Leu Ala Val Lys Lys Tyr Phe Gln Arg Ile
115 120 125
Thr Leu Tyr Leu Met Glu Lys Lys Tyr Ser Pro Cys Ala Trp Glu Val
130 135 140
Val Arg Ala Glu Ile Met Arg Ser Leu Ser Phe Ser Thr Asn Leu Gln
145 150 155 160
Lys Arg Leu Arg Arg Lys Asp
165
<210> SEQ ID NO 59
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens
<220> FEATURE:
<221> NAME/KEY: SITE
<222> LOCATION: (1l)...(1)
<223> OTHER INFORMATION: Xaa = Methionine or Hydrogen
<400> SEQUENCE: 59



Xaa

Ile

Asp

Phe

Thr

65

Ser

Leu

Met

Thr

vVal
145

<210>
<211>
<212>
<213>

<400>

000

<210>
<211>
<212>
<213>

<400>

000

<210>
<211>
<212>
<213>

<400>

Leu

Arg

Gln

50

Phe

Leu

Glu

Asn

Leu

130

Tle

Asp

Leu

Pro

35

Asn

Leu

Ala

Glu

115

Ala

Leu

Leu

Ala

20

Asp

Thr

Leu

Glu

Cys
100
Asp

Leu

Glu

SEQ ID NO
LENGTH:

TYPE :
ORGANISM:

SEQUENCE :

SEQ ID NO
LENGTH:

TYPE :
ORGANISM:

SEQUENCE :

PRT

SEQUENCE :

15

Pro

Gln

Phe

Gln

Phe

Lys

85

vVal

Ser

Thr

Tle

Arg
165

60

60

61

61

SEQ ID NO 62
LENGTH:
TYPE :

ORGANISM: Homo saplens

62

Gln

Met

Gly

Ala

Ser

70

Phe

Ile

Tle

Glu

Met

150

Lys

95

Thr
Gly
Leu
Ile
55

Thr
Ser
Gln
Leu
Lys

135

Arg

His

Pro

40

Ser

Glu

Thr

Glu

Ala

120

Ser

Ser

Ile

25

Gln

vVal

Asp

Glu

vVal

105

val

Leu

Leu
10

Ser

Glu

Leu

Ser

Leu

90

Gly

Arg

Ser

Ser

Gly

Pro

Glu

His

Ser

75

Met

Pro

Phe
155

—continued

Asn

Phe

Phe

Glu

60

Ala

Gln

Glu

Ser
140

Ser

Arg

Ser

Asp

45

Met

Ala

Gln

Glu

Phe

125

Ala

Thr

Arg

Cys

30

Gly

Ile

Trp

Leu

Thr

110

Gln

Trp

Asn

Ala

15

Leu

Asn

Gln

Glu

Asn

95

Pro

Arg

Glu

Leu

Asp Asp Ala Ala Asp Leu Gln Pro Leu Gln His Lys Gly Leu Ile

1

5

<210> SEQ ID NO 63
<211> LENGTH: 8
<212> TYPE:

<213> ORGANISM: Homo saplens

PRT

<400> SEQUENCE:

63

Asp Pro Phe Arg Gln Ile Leu His

1

5

<210> SEQ ID NO 64
<211> LENGTH: 6
<212> TYPE:

PRT

10

15

US 6,482,613 Bl

Leu

Gln

Gln

Gln

80

Asn

Leu

Tle

Val

Gln
160

96
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97

—continued

<213> ORGANISM: Homo sapilens
<400> SEQUENCE: 64

Thr Leu Pro Ala Ala Glu
1 5

<210> SEQ ID NO 65

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Homo saplens

<400> SEQUENCE: 65

Pro Gly Ser Leu Cys Asp Val Glu Gly Trp Ser Gly Arg Asp Ser Pro
1 5 10 15

Glu Glu Cys Gly Leu His Pro Gly Cys Glu Lys Ile Leu Ser Lys Asn
20 25 30

His Ser Leu Ser Asp Lys Glu Glu Val
35 40

<210> SEQ ID NO 66

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 66

Pro Leu Phe Leu Gly Gly Cys Gln Ser Arg Asn His Glu Ile Leu Leu
1 5 10 15

Phe Met Asn Glu Leu Ala Gly Lys Ile Lys Glu Glu Gly
20 25

<210> SEQ ID NO 67

<211> LENGTH: 52

<212> TYPE: PRT

<213> ORGANISM: Homo saplens

<400> SEQUENCE: 67

Lys Val Gly Val Glu Glu Thr Pro Leu Arg Asn Val Asp Ser Ile Leu
1 5 10 15

Ala Val Arg Lys Tyr Phe Gln Arg Ile Thr Leu Tyr Leu Thr Lys Lys
20 25 30

Lys Tyr Ser Pro Cys Ser Trp Glu Ala Val Arg Ala Glu Ile Met Arg
35 40 45

Ser Phe Ser Leu
50

<210> SEQ ID NO 68

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo sapiliens

<400> SEQUENCE: 68
Thr Asn Leu Gln Glu Arg Leu Arg Arg Lys Glu

1 5 10

<210> SEQ ID NO 69

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Homo sapiliens

<400> SEQUENCE: 69

Met Ala Leu Ser Phe Ser Leu Leu Met Ala Val Leu Val Leu Ser Tyr
1 5 10 15

98
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99

100

—continued

Lys Ser Ile

<210>
<211>
<212>
<213>

SEQ ID NO /0

LENGTH: 19

TYPE: PRT

ORGANISM: Homo saplens
<400>

SEQUENCE: 70

Met Ala Leu Ser Phe Ser Leu Leu Met Ala Val Leu Val Leu Ser Tyr

1 5 10

Lys Ser Ile

What 1s claimed 1s:

1. A DNA comprising a nucleotide sequence encoding a
polypeptide of 165-166 amino acids having the amino acid
sequence of a mature human leukocyte interferon unaccom-
panied by any corresponding presequence or portion thereof,
wherein said nucleotide sequence further comprises an AT'G
immediately preceding the codon corresponding to the
amino-terminal amino acid of said polypeptide.

2. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:45, wherein the amino-terminal amino acid 1s
cysteine.

3. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:46, wherein the amino-terminal amino acid 1s
cysteline.

4. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:47, wherein the amino-terminal amino acid 1s
cysteine.

5. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:49, wherein the amino-terminal amino acid 1s
cysteine.

6. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:50, wherein the amino-terminal amino acid 1s
cysteine.

7. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:51, wherein the amino-terminal amino acid 1s
cysteline.

8. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:52, wherein the amino-terminal amino acid 1s
cysteine.

9. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:48, wherein the amino-terminal amino acid 1s
cysteine.

10. The DNA according to claim 1, 1n which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:53, wherein the amino-terminal amino acid 1s
cysteline.

11. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:54, wherein the amino-terminal amino acid 1s
cysteine.
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12. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:55, wherein the amino-terminal amino acid 1s
cysteine.

13. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:56, wherein the amino-terminal amino acid 1s
cysteine.

14. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:57, wherein the amino-terminal amino acid 1s

cysteine.

15. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:58, wherein the amino-terminal amino acid 1s
cysteine.

16. The DNA according to claim 1, in which the mature
human leukocyte interferon has the amino acid sequence of
SEQ ID NO:59, wherein the amino-terminal amino acid 1s
cysteine.

17. A process for producing a polypeptide product, com-
prising culturing a bacterium transformed with a replicable
bacterial expression vehicle comprising a DNA according to
any of claims 1-16, said vehicle capable of expressing 1n
said bacterium a mature human leukocyte interferon having
about 165—166 amino acids unaccompanied by any corre-
sponding presequence or portion thereof.

18. A process for producing a polypeptide product, com-
prising culturing a bacterium transformed with a replicable
bacterial expression vehicle comprising a DNA according to
claim 2, said vehicle capable of expressing 1n said bacterium
a mature human leukocyte interferon having about 165-166
amino acids unaccompanied by any corresponding prese-
quence or portion thereof.

19. A process for producing a polypeptide product, com-
prising culturing a bacterium transformed with a replicable
bacterial expression vehicle comprising a DNA according to
claim 10, said vehicle capable of expressing 1n said bacte-
rium a mature human leukocyte interferon having about
165—166 amino acids unaccompanied by any corresponding
presequence or portion thereof.

20. A bacterium transformed with a DNA according to
claims 1-16.

21. A bacterium according to claam 20, wherein the
bacterium 1s £. coli.

22. A bactertum according to claim 20, wherein the
bacterium 1s F. coli K-12 strain 294.
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